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THE 

P R E F A C E. 

J T being an ufiiq} Complaint with thift 
nuho (^reunacq^fiainted with Geometry f 
tbi^f tk^jf are ^fcouragedby the Mathe- 
matical Pemonft rations^ from perufing 
Books of Natural PhiloHophy ; / ap- 
prehended that fomePapers I had drawn 
Up fot the Ufi of my Pupils in the 
Univerfi^y^ would not be altogether un^ 
acceptable, if puhUfbed in fuch Porm^ 
that the Prspofitionsy or Subfiance of 
the Bookf might be read without Inter- 
ruption from the Mathematical Demoftr 
firatitms. And therefore after a largi 
Explanation, and fometimes an lUuf^; 
tration alfo, of the Particulars, as oc- 
cafion feemed mofl to require, I have 
endeavgured to Jkew the Truth of them^ 
in a fgmili^ and popular Manner^ 
wifhqui Qjeometry, by way of Text: 

A And 
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And for the fake of thofe who are skil- 
led in Geometry^ have added the De- 
monjirations^ with .fome occafional Re- 
marks ^ by way of Notes. And whereas 
the Writers on this SubjeSl have appro- 
priated to ihemf elves a Stile too teehni- 
cal for Beginners^ I have^ in hopes of 
being more eajily underfood^ fometimes 
chofe a different Method of Kxprefjion^ 
though perhaps not fo acciirate. 

In the IntroduBion to the firfl Part^ 
Notice is taken of the Method of Pliilo- 
fophifing made Ufe of by Des Cartes, 
and others before Mm^ fo far as the 
Defgh of this Compendium required. 
I Jhall add here a few Confiderations 
relating to the Method which prevails 
at this Time. ^* 

In the prefent Method of Pbilofophi- 
fing^ all Matter is conjtdered [wilh ref 
peB to its Subftance) as homogeneous, 
or of the fame Kind :^ and no other Caufe 
or Principle of ABion in Matter is ah 
-• • lowed 
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lowed ofy but what is well efiablijhed by 
Fa0s, 

Shtne Phthfophers admit Elementary 
Fire, as they call ity among their Prin- 
ciples ; or which comes to the fame things 
they confider Fire as endowed with ac- 
tive Powers diJlinB from thofe of other 
Matter. Keill, in his Letter to Dr, 
Cockburn, De Xegibus Attradipnis, 
alii{que Phyfices Pripcipiis, makes ufe 
of three Principles^ viz. i. Empty 
Space. 2. The infinite Divifibility of 
Quantity. 3. The Attradion of Mat- 
ter. And affirms^ that all Phyfics 
depends thereon. 

The firfl of his Principles the Reader 
may perhaps think ridiculous y but he 
may confider y that at that time of Day^ 
the Notion ^tf Plenum was ffot wholly 
exploded: T^he laying dorxan%V£i;^t^ ^/^OkCi^ 
as a firfi Prjneipha "^^s pnl)f calli^ 
out for Elbow-Room and^i ^d^sir Stag^' 
-— — But not to- troubh\i^^Readef^ 
with what others hiive d^nei" I have 

A 2 chofen 
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t^/en and every iiaheH ftuch t6 tkfee; 
and as oft as a Phaenomenon occurred^ 
which I could not dccount for by tBenty 
I have given it up as a Difficulty ; not 
defpairing^ but that ivhen all th^ Cit-* 
cuniflances of the PhdBmmenon fhall be 
thoroughly kn&wn^^ they alone may be 
foundfufficient. Itfeems not coHfiflent 
with the Regard a Phihfipher fhoUld 
have to the Uniformity of Natui^e^ eve- 
fy where obfervabl'e, tP call ifi a new 
Principle at every knotty Point, ^ofe 
^hich Tmake ufe of are, 
'■ Eirfly Attradioii of Gravkatiotl. 
That is, a Difpbjition in Bodies to fhove 
ibwards each other, even when at g^at 
Diflances dfunderi 

Secondly^ Attra^ion • of Cdhefioft. 
that Is, a 'Hk DifpofitioH iH Bodies to 
move towardi each othet^ hut difiitiB 
frofH th^ fofmet, in as Much as it is 
^hferved tb tah Pldte only when the 
'Bodies are fiery ti^zi together. 

thirdly, l&tepill^iij W a DiffofiHoH 

in 
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in Bodies^ tuber eby in finu^ Cafes they 
endeavour t9 ai^oid^ ar fly ffoHi each 
6ther» 

He firfl, df thefe ig Matiir of daily 
Obfervatkn. Tmv, a Ball let go frstn 
the HandfalU to the Ground. 

Thefecond may befeen M- the follow^ 
ing Infiance. A fmall Portion of a 
Fluid forms itf elf into a Sphere or Drop: 
J^hich can only happen frofn a Difpofl* 
Hon in tb^ Particles of 'uohich it confifls^ 
$0 come as near as pojjibleto each oihet^ 
. An infiance of the third is this..\ If 
Air inclofed in a Bladder^ hefqUeezd 
into, a lefsGompafsy the Air 'CoithinjwheH 
the Preffure is taken off, refiofes the 
Bladder to its former Size- A plain In* 
dication that the Particles of which, tht 
Air coiififtsy endeavour to aiioid orfiy^ 
from each other (a). ' 

Hefe Difpofitions in Bodies are not 
the Refult of any Mechanical Gatlfe 

(a) Sftmeih»r li^auct of this Difpefttitnt In Part III. 
Pagt i6i. If$t* mrftbit Coo^eiidiiiin. 

whatever ; 


vi PREFACE. 

whatever ^ that isy fuch 'as- may drifi 

from the YSSi\i\\% of Bodtew ^^ the Ac-^ 
tion of any other material Subftance (b); 
They are therefore the ASt of an imm^^' 
terial Caufe, in Virtue of which iri^G-' 
tive Matter performs. the Offices for 
which it wai. defigned. 

• . ' ' ' 

(b) Demonftratiom In the jirji Place it is well knoivn^ 
4bat if Gravity alfs upon Bodies tvith the fame Degree 
of Intenfenefsy whether th^ he in Motisn or at Refi \ it 
tnay he demonftrafed that Bodies^ when proje^fed^-will de'^ 
JiribeFztdboWs^'and that when vibrating in Cychid^^ 
^ their Vibrations will be ifocronous, fSc In^the next Place 
it is as ^well knoWn^ that Bodies when pryjefted do defcribe 
•Parabola's, and that when vibrating in Cycloids,- iiKWr 
Yihrations are ifocronous,' fsTr. From which two Propo- 
jfitims it demon/tydtiveiy.' follows J that, if /Gravity he the 
catife of the abovementioned EffeAsy it muji aSi. upon fia- 
diey with the faiHe Force ^ whether thlsy be in Motion or at 

,Again^ it is well hnown^ that /^ Attraclion of Cohe- 
fioii aSis upon Ritys 6f Lights with the fame Degree ef 
ffUenfenefs^ whatever -he the Velocity they ^ move with', 
h inay be demonjlrated^ that the Ratio of the Sine of the 
Angle of Incidence to the Sine of the Jmgle of RefraQ- 
ion," will be given. But in Refraction of Light^ the 
Ratio of thofe SineS; is ^iven in Fa3\ if therefore At- 
tradiou of Cohefion be the Caufe of the RefraSfion of 
Light y it mufi ait upon Rays of tight with the fame In-- 
ienfnefsy whatever Velocity they move with. 

But HO Effluvia df Bodies J no material Subftance, and 
in Jhort n^ material Caufe v/batever, can a£i with, the 
• • fame 
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From thejirfi and third Principle (c), 
iogether with the Properties of Matter 
tnuinerated in the Jirft Chapter of this 
Compendium, which Properties mujl 
be always underjlood^ the Elajiicity or 
Spring of the Air^ and from thence the 
Nature and Propagation of Sound are 
accounted for. And from the Spring 
of the Air confidered as being augment-- 
ed by Heaty and diminijhed by Coldy as 

fame JntenfiHefsj or have the fame Ejfe£i upon a Body in 
Motion^ as upon the fame Body at H^Ji i becaufe as it is 
very wellinown to Mathematicians j to whom I addrefs this 
Note^ Body can only aSf upon Body, according to the Surt^> 
or Difference of their Motions. It remains therefore^ that 
the two Difpojitians herein mentioned^ are not the Refult of 
any material Caufe whatever: Which is one Part of toe 
Propofition to he demonftrated. 

As to the other Difpofition in Bodies^ their Repuliion, 

fince Rays of Light are alfo affeHed by it, as it appears they 

are by an Experiment of Sir Ilaac New ton* j, referred to in the 

foregoing ifote, it may very reafonahly be fuppofed, though 

we don*t at prefent know the exaif Law of its Action, to 

affeCl Bodies in jfdotion after the fame Manner that it 

would do the fame at Reft , aud that it therefore is alfo the 

Refult of no material Caufe whatever. 

, .(c) The Law or Manner wherein thefe Principles ate 

obferued ta aSf in different Cir cum/lances, are determined 

from Fa^Sj in Parti. Chap: 3. The Law of the third^ 

fofar as it relates to the Jir^ will be found in Part H. 

Cpap\ 3. of fbis Compendium. 

it 
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it is obferved to hy affd th^^irs hiing 
at the fame time offered by the Jirfi 
Prmciphy the Phaenomena of the Winds, 
are explained. By the fecend Principle^ 
the Gohefim of Matter^ the various 
Degrees of Hardmfs obfervable in it^ 
the Diffolution of Bodies hy Fluidft 
with other chemical Operations i and in 
particular the PfeaMXomena fif Fermen- 
tafion^ and confequently the Caufes of 
Thunder and Lightnings &c. By this 
Principle alfo the rijing of Fluids in 
fmall Tubes s and from thence the cfcent 
of Sap in Vegetables are accounted for i^ 
all which P articular s^ except the two 
firfy are treated of in thefecond Part 
of this Gompendium : as alfo the Re^ 
fraSiion of Lighty and confequently all 
that Train of PhaBnomena depending 
t her eon y which is the SubjeSi of the 
third Part. By the fir ft Principle^ the 
fever al Circumfiances relating to falling 
BodieSy and to the Motion of Projec^ 
tilesy together with the T)oSirine of 

Pendulums, 
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Pendulums, [treated of in. thefirjf) and 
Hkewife all tbofe which relate to the 
Prejfure of Fluids^ [treated of in the 
fecond Part) are determined. And above 
all is deduced that moB curious DoElrine 
of central Forces, jujl touched upon in 
the fir fly but largely and fully explained 
in the fourth Party by which [ajfuming. 
that the heavenly Bodies were at firfi 
put into Motion by their Creator) we 
are enabled to afjign the Caufe of the 
Continuation thereof ^ with all its Mo" 
difications and Irregularities ; to deter- 
mine the necejfary Shape of thofe Bo- 
dies ; and to account for the ebbing and 
flowing of the Sea^ &c. Dijicultiesy 
too great feemingly for human Reafon 
tofurmountt 

Some ^/iS^Phaenomena which I have 
not been able to give afatisfaSiory Account 
of from the abovementioned Principles^ 
are the RefleEiion of Light, its Bmif 
fioHfrom luminous Bodies , and the For- 
mation and Af cent oj Vapour. This 

a may 
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may be is only owing to the want 
of better Acquaintance with the Cir- 
cumfiances of thofe Phaenomena; thai 
/J, more fufficient Data, or FaBs to 
found their Solution upon: So that we 
are not to conclude immediately^ thai 
the Principles are infujicient\ but ra^ 
ther to wdit with Patience: The Dili-' 
gence of others may render that eafy) 
which ourtitmojl Efforts at prefent arei 

not able to furmount. 

♦ ■ ■ ' /■ 

However^ as a Reader unacquainted 
with Studied of this Kind^ may wonder 
that fo many of the Phflenomena orAp-^ 
pearances of Naturey Jhpuld be account^ 
td j or by fo few Principles I andbecdufe 
it may be a Means of giving him fomt 
tnfight into the SubjeB of thefe Sheets, 
.J will here lay down the following Pr6- 
poftionsy which are immediately dedu- 
^ciblefrom the PrincipleSy and alfo near"-- 
Jy conneSied with the Phenomena tn 
'be accounted for by them ; by means of 

wbichy 
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wbicbj h& will more refidily perceive the 
ConneSiion or Relation between the one 
and the other. 

Proposition I. 

Matter being an unaBive Subflance, 
is utterly incapable of putting itfelf in- 
to Motion iii any Diredion whatever ; 
and will therefore in all Cafes move, 
or endeavour to move in that Diredt- 
ion only, in which it is urged with the 
greateft Force. 

Hence we have the true Idea of the 
Gravity or Weight of Bodies belong- 
ing to the Earth. Bodies are, here^ 
by Virtue of the firjl Principle^ 'attrac- 
ted towards theSun^ the Mom, the refl 
of the Planet Sy and the Earth', but to- 
wards this lafl more Jlrongly than to- 
wards any of the refi, and Jo they tend, 
gravitate, or are heavy towards that. 
7h0 Reqfoh that they are attraSied more 
' ' at 2 forcibly 


' 
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forcibly towards the Earthy than towards 
thofe other Bodies^ is, that although it 
he one of the La'ws of thefirfi Princi- 
pie, that it operates according to the 
^antity of Matter in Bodies, and 
therefore the Attr(Mion of the Sun 
fhould he the mo/i prevalent, in as much 
as that Body contains the mofl Matter ; 
yet it is another Law of that Principle 
or Difpojition, that it a^s more firong- 
ly according to the nearnefs of Bodies to 
each other : This latter Conjideration in 
the prefent Cafe, overbalances the for- 
mer; andfq the Bodies about us tend 
toward^ the Earth, 

Proposition II. 

If a large round Body be covered 
every where with fmaller ones to an 
equal Height or Diftante from its Sur- 
face; and if thofe fmaller ones tend 
towards the large Body, by virtue of 
the firft Principle, and are, at the feme 

time, 
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time, difpoied to fly from each other 
by virtue of the third ; and fiippofing 
^ther, that when th^ touch or are 
very near each other, their Difpofitioii 
to avoid each other exceeds their Ten- 
dency to the large Body, and when 
they are at a certain greater Diftance 
irom each other, that Dilpoiition is 
lefs than their Tendency to the large 
Body: Then will thofe fmaller Bodies 
keep at certain Diftances from each 
other, and conditute an elafiic^ com- 
prejfible Subilance furrounding that 
large Body, gravitating towards it on 
all Sides. 

Hence an Idea of the Nature and 
Condition of the AXxnoi^hsx^ furround- 
ing the Earthy with all its Properties, 

N. B. PP^'hen I fay a Body tends ^ 
another^ I dont mean that it moves to- 
wards ity but only that it would move 
towards ity if nothing prevented. Thus, 
Bifd while mounting aloft into the 

Air, 
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vl^r,v tends towan/s the Earthy as muck 
as ^ne that is falling do^n ; for the one 
^ould fall as wfill as the other ^ if no- 
fhirig prevetitedi 

Proposition III. 

If, while tlie abovementioned fmal- 
ler Bodies, are in the Statje fuppofed in 
the foregoing Propofition, any one, or 
moire of them, be made to move, (fup^ 
pofe for Inftance half way) towards the 
next, it will by virtue of the third 
JDifpdition, drive or impel thofe it 
comes nearer to, clofer together; which 
Bodies, when that other moves back 
again {as it will immediately do, 
bdfiig. repelled by them) will re- 
cede- from each other again; That 
lis, a Mod of. tremulous Morion will be 
-coaiimunicated to them by that other, 
aad fbrtlie liJceJLeafon^ by them to the 
iie^;.a|id & on through the whole, 
m aK leaft. to a great Diftance from 
jWhere it oegan. Hence 
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Hence ^e i/tay form an Idea heto 
Sound is ixtiied by the Tremors if''^ 
"Body during iti Vibratiofty and fretpo^ 
gated through the Air,^ \ I 

Prop o s i t* i d n IV. -■'■'"' 

' • ■• . 

One of the La\vs by which the .&»- 
cond Principle is obferved to adt, is, 
that Bodies a®; ^upoii ofte another, not 
in Proportion to the Quantity of Mat* 
tter they contain^ as by the^firft Pmci- 
ple ; but only 4iccof ding'4:o the Breadidh 
of their Surfetefe, and tHe-'near^fejoF 
the Surface of one Body to thut of and- 
then ■ - ■' '"" . •• - :; :" -.• ■. ..L > 




From hence 'we may} Under ft andy 
that fuch Particles of Sdjdiies as are 
fiat orfquarty andfofituated afnohg 
each other as to touchy «r he ^ery fkar 
one another in many PointSy-wiU cori- 
fiitttte what we call an feard Body, 

and 
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and tbofe Particles which are mori 
nntndy orfifituated that le/s Portions 
of their Surfaces are near togetbert 
wiil attraB one another with a left 
Forcey and Jo form a foftcr Body ; 
thofe which are round, or nearly Jo^ 
will attraSi Me another fiill lefsy and 
aljo fide more eafily over one another^ 
and fo form what we call a fluid fiody. 

Proposition V* 

Wheti two Bodies meet together, if 
tlie Particles which conftitute the one, 
Be difpo(ed| by Virtue of the fecond 
Principle, to move towards thofe of the 
other with a greater Degree of Forces 
than the Particles of either Body are 
difpofed to move towards themfelves ; 
tbofe of the firft will leave it, and run 
in among thofe of the fecond : And for 
the £ime Reafbn, thofe of the fecond 
will fever from that, leave it and enter 
in between thofe of the firft. And if 

the 


PREFACE. xvii 

me Motion with which this is done, 
be very violent, and the Bodies be of 
the infUmmable Kind, their Particles 
by thus rubbing and claOiing one againft 
another, will be fufEciently heated to 
take Fire, and will burft out into Flame. 

Hence Diflblutidns, Fermentations, 
Explofions, Eruptions of Vulcano's, 
Thunder, Lightning, Aurora Borealis, 
With all other Phanomena of that 
Tribe* 

Proposition VL 

If a Pipe, open at both Ends, and 
of a very fmall Bore, have one End 
dipped into Water, the Water will run 
up into the Pipe above the Surface of 
the Water on the outfide (being drawn 
up by the Tendency it has by the 
iecond Principle to that Part of the 
inner Surface of the Pipe, which is 
juil above it, as it rifes) till that inner 

b Surface 
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Surface which is ftill juft above it, be 
loaded with as great a Weight of 
Water, as that Tendency can fuppbrt. 

Hence a right Notion of the Afc^nt 
of Sap in Vegetables', ,the Su<ftion of 
Fluids by Spunges: With all other 
Phenomena reducible to that Head, 

Pro POSIT ion VII. 

If a Body moving right forwards, 
but obliquely with refped to the 
Surface of another Body, at length 
comes fb near that Body, as to be dif- 
pofed by the feeond Principle to tend 
towards it; inftcad of continuing to 
go right on, it will turn out of its Way 
towards that Body, before it comes at 
it ; and confequently will ftrike or en- 
ter it in a nearer Place, and in a lefs 
oblique Diredion, than it would have 
done, in cafe it had gone right on. If 
it enters the Body, it ftill keeps turning 

out 
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out of its Courfe the fame Way as be- 
fore, till it has got fb far within it, that 
there (hall be as many Particles of the 
Body behind it to attrad it backwards, 
as there are before it near enough to 
attract it forwards : After which it goes 
right on in its laft acquired Diredion, 
till it comes near the other Side ; for 
while it is furrounded with as many 
Particles to attra<3: it one way as 
another, it is the fame thing as if it 
were not attra<9:ed at all. When it has 
got fo near the other Side, . that there 
are fewer Particles before it to attrad: it 
forwards, than there are behind it, near 
enough to attrad it backwards, it then 
begins to turn out of its Courfe towards 
the infide of the Body ; that is, from that 
Side of the Body towards which it is 
going ; and continues to bend its Courfe 
the fame Way, till it has got fo far 
out of the Body, that there are no 
Particles of the Body behind it, near 
enough to it to attrad it any more. 

b 2 After 
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After which it purfues an undifturbed 
Courfe in the Diredion it acquired lafl 
of all. 

> > 

Hence we have a jufi Idea of the 
Refradion of Light with all the Phe- 
nomena arifing therefrom ; which are 
no other than Jo many Cafes of this 
PropoJition» 

Proposition VIII. 

If feveral Bodies be moving right for- 
wards, and at length be attradled by 
another Body, as fuppofed in the fore- 
going Propofition, but fome with 
greater Degrees of Force or Intenfeneis, 
than others; thofe which are attracted 
with the greateft Force, will turn the 
farthefl out of their Way towards that 
Body ; and confequently if all of them, 
before this happened, were moving in 
one Diredion, they will be made to 
part from each other, and move dif- 
ferent Wjays. 

Hence 
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Hence an Idea of the different Re- 
frangibility of the Rays of Light. 

PjlOPOSITION IX. 

If a Body, be made to move irom 
another Body, towards which by thefirft 
Principle it tends, its Motion will be 
retarded continually ; that is, it will 
move flower and flower: If it moves 
towards that Body, its Motion will be 
continually increafed ; and unlefe it be 
made to move diredly to or from it, 
its Courfe will always keep bending 
towards it, ib that it (hall defcribe a 
Curve, concave, or hollow, on the 
Side next the Body. 

Hence all the Phacnomena o/* falling 
Bodies, and of Proje^iles. 


Propositiom 
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Proposition X« 

V 

If a Body, that by the firft Princi- 
ple tends towards another Body, moves 
towards it on the Surface of an incli- 
ned Plane, its Motion (as in the fore^ 
going Propofition) will be continually 
increafed; and if it moves from it' on 
the fame Plane, its Motion will be re- 
tarded continually, but lels in Propor- 
tion to the Obliquity of the Plane: 
(that is, lefs in Proportion as the Plane 
deviates from the Perpendicular) the In- 
terpofition of the Plane preventing in 
fome Meaiure the EfFed: its Tendency 
to the other Body, would otherwife pro- 
duce. And the Velocity it acquires by 
TQlling down one Plane, will by virtue 
of its InaBivityy or that Difpofition 
Bodies have to continue their State of 
Motion or Reft, inable it to roll up 
another fitly dilpofed. 

Hence 
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Hence the Solution of the Pheno- 
mena of Bodies deicending on inclin- 
ed Planes, and the Vibration of Pen- 
dulums. 

Proposition XI. 

If a Body aded upon by the firft 
Principle, move to or from another 
Body with a competent Degree of Ob- 
liquity and Velocity, it will move quite 
round the other Body without touching 
it at all, returning to the Place from 
whence it fet out: In which Cafe it 
will revolve round it over and over 
again in the fame Path ; for being in- 
different either to Motion or Reft, and 
meeting nothing to take off from, or 
diminifli its Motion, it will have the 
/ame Tendency to move on after any 
one Revolution, as it had at £rft. 

From 


X 
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From benci we ha^e the Solution of 
the Motion of the primary Planets 
round the Sun, and of the fecondary 
ones round the Primary. 

Proposition XII. 

If-aBody be revolving about another 
as in the laft Propofition, and a third 
Body approaches them, tovs^ards which 
they both fhall alfo tend, the Motion 
of the revolving Body will be dif- 
turbed : That is, its Path will be al- 

♦ tered, and Irregularities in its Courfe 
will enfiie its Tendency to that 
third Body in fome Parts of its Courfe 
confpiring with, and in odiers being 
oppofite to its own Motion. And not 
only fo, but the Tendency it has to 
the Body about which it revolves, will 

' in fbme Situations be increafed, and in 
others be diminifhed by the Adion of 
the third; which Thing alfo conduces 
towards altering its Courfe. 

Hence 
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Hence the Lunar Irregularities, and 
all other Difturbances in the Motion 
of the Heavenly Bodies on their too 
near Approach towards each other, 

Proposit ion XIII. 

Imagine a large Body cover'd all 
over with fmaller ones tending to its 
Center : Suppofe alfo a diftant Body, 
towards which they all tend, but the 
little ones with lefe Degrees of Force 
than they do towards the Body they 
touch. Then will fuch of thofe 
fmaller Bodies, as are neareft the dis- 
tant one, lofe Part of their Tendency 
to the Body they touch ; and fo will 
thofe fhialler ones which are farthefb 
off, or placed on the oppofite Side the 
large Body. But, as to thofe fmaller 
Bodies, which are at the fame Dif- 
tauce from the diflant Body with the 
Center of the large Body itfelf, their 

c Tendency 
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Tendency to the Body they lie upon. 
Will be increafed. The reft will have 
their Tendency increafed or diminished 
more or lels, according to their Near- 
nefs to thofe whofe Tendency is in* 
creafed or diminifhed. {d} 

Hence arifes the DiiFerence in t;he 
Weights Bodies have upon the Earths 
Surf ace J at the Approach and De^ 
parture of the Heavenly Bodiesy [but 
chiefly of the Moon^ to or from that 
Side of the Earth where the Bodies ^^; 
a?7d confequently the ebbing and flowing 
of the Sea, the Water rifng where its 
Weight or Tendency to the Earth is di- 
mini (bed ^ and Jinking at the fame "Time 
in thofe Places where its Weight is aug* 
tnented. That the Approach and De^- 
parture of the Moon fhould caufe a great- 
er Difference in the Weight of Bodies 
on the Earthy than the Approach and 

(d) What is affirmed in this and the foregoing Propditi<»n» 
depends on a Train of Rcafoning too long to be incertcd here. 
To underfland it throaghly, read Chapters the iStk and 19th of 
Tan the Fourth;. 

Departure 
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Departure of the other Heavenly Bodies^ 
is owing to the neamefs of the Moon to 
the Earth ; which Conjideration in this 
Cafe overbalances the Conjideration of her 
Smallnefsj the above-mentioned Effe&s 
depending in a great Meafure^ on the 
Proportion the Diameter of the Earth 
bears to the Diftance of the Heavenly 
Bodies. 

Proposition XIV. 

•If a Body, whofe Parts tend to the 
Center thereof, confifts wholly of a 
Fluid, or be partly folid and partly 
fluid, provided fome of the Fluid be 
at the Surface, and very diftant Parts 
thereof communicate with each other; 
and the Body have no Motion about 
xt-s Axis, it will fettle into a fpherical 
Form, the mutual Tendency of its 
Parts towards each other, contradfing 
it into the leaft poflible Shape. But 
if it revolves about its Axis, all its 

c 2 Parts 
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Parts will endeavour to fly off from 
that Axis; but fuch as are farthefl: 
from the Axis, more than the reft : 
Confequently thofe Parts in its Surface, 
which are the fartheft from the Ex- 
tremities of that Axis, being alfo far- 
theft from the Axis itfelf, will have a 
greater Endeavour to fly off, than 
fuch as are nearer thofe Extremities ;. 
befides, as is evident, the former will 
endeavour to fly off diredly from the 
Center, but the latter not Co. The 
abovementioned Endeavour therefore 
in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter v/ill ; and flnce the fame may 
be laid of thofe which are at ^ny other 
aflignable equal Diftances from the 
Center, all thofe which lie between 
the Center of the Body, and fuch, as 
are fartheft from the Extremities of 
the Axis, will have their Tendency to. 
the Center much more diminilhed, 

than 
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than thofe will, which lie between 
the Center and the faid Extremities : 
Thefe latter Parts therefore will prefs 
in towards the Center, overbalance the 
fornier, and raife them to a greater 
Diftance from it than they were at be- 
fore, reftoring thereby an Equilibrium 
of the. Parts of the Body one among 
another. On which Account the Body 
will afiume a flattifli or oblate Form. 
That is, fuppofing Lines drawn thro' 
the middle of the Axis at right Angles 
therewith, thofe Lines will be lengthened 
and the Axis will be ihorten'd. 

Hence the Figures of the Heavenly 
Bodies. 

Proposition XV. 

f 

The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, depends not only on the 
Quantity of Matter in that Body, but 

like wife 
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likewife on the Swiftnels the Body moves 
with: Thus, the Stroke of an Hammer 
is not only according to the Bulk or 
Weight of its Head, but is alfo accord- 
ing to the Swiftnefs of the Motion it 
ftrikes with. If therefore two Bodies 
of equal Quantities of Matter, be fuf* 
pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
grees of Swiftnefs or Velocity, will 
therefore have the fame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumftances with 
refped: to both thofe things, which 
alone can give the one a Force or Ten- 
dency to move on with, fuperior to the 
other) and confequently neither of them 
will pre-ponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ^me Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 
If the Arms of the Lever are unequal, 

and 
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and the Bodies equal, that Body which 
is at the greateft Diftance from the 
Center of Motion, moving the quickeft, 
will have the Advantage over the other 
that way, and ovefpoife it. So that 
the leaft Body or Power, imaginable, 
may be made to equiponderate, over- 
poife, or keep in Motion the greateft, 
by being applied to fuch a Machine, 
and in fuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 
the Velocity the Body has at the lame 
Time, which is to be equiponderated, 
over-poifed, or moved by it. 

'This holds equally in all Machines, 
and is the Foundation of their Theory. 

Proposition XVI. 

Imagine the Surface of a large round 
Body to be covered every where, or in 

Part, 


\ 
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Part, with fmaller ones to an equal 
Height, and that thefe fmaller ones 
tend towards the large Body by the 
firft Principle ; imagine alfo the whole 
Mafs of fmaller ones divided into Co- 
lumns reaching from top to bottom ; 
thofe Columns, if their Bafes be equal, 
will equiponderate, or be an equal 
Cpunterpoife to one another; and {o 
they will, if their Bafes be unequal: For 
in this Cafe the Columns being of un- 
equal Size in Diameter, if a lar- 
ger Column fubfides, the lower Parts 
of that Column ( to find Room for 
themfelves ) will raife a fmaller Co- 
lumn farther than the larger one fet- 
tled in the fame time, and ift fuch 
Proportion that, what the little Co- 
lumn wants in Weight, will be made 
out to it in Velocity ; and corifequent- 
ly, according to what was fhewn in 
the foregoing Propofition, the little 
Column will be a juft Balance to the 
greater. 

Farther 
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Farther, if in the abovementioned 
Suppoiition, there be a Body among 
tho^ fmaller ones, heavier than a 
Bulk of thenni equal to its own Bulk, 
a Column of which that Body is a 
Part, will be heavier than any other 
Column of an equal Bafe ; it will 
therefore fubfide, permitting the Body 
to come to the Bottom: if the Body 
be lighter than a Bulk of the fmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 
lighter than any other ; the Body 
therefore will be buoy'd upwards, till 
it rifes fo far out above the Surface, 
that it, together with ^he Column be- 
low it, may be a Counterpoife to aiio- 
ther Column of equal Bafe. 

\ 

f 

Hence the Effeds of the Preffure of 
Fluids upon one another y and upon So- 
lids immerfed in them. 


Pro- 
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Proposition XVII. 

Imagine the Surface of a large 
round Body cover'd every where, or 
in Part, with fmaller ones to an equal 
Height ; and that thefe fmaller ones 
tend towards the large one by the firft 
Principle, and that they are at the 
fame time difpofed to fly from one 
another by Virtue of the third, confti- 
tuting' thereby an elaftic ^bftance 
furrounding that large Body, as in 
Propofition the fecond ; and let them 
be divided into Columns, as in the 
laft Propofition* And let it be far- 
ther fuppofed, that the Difpofition in 
thofe fmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increafed by Heat; 
and that at the Bottom of fome of 
thele Columns, that Difpolitioa is ac- 
tually increafed, but no where elfe, 
or at leaft not in fo great a Degree : 

then 
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then will the Bodies, where that Dif- 
pofition is increafed, diffiife them- 
felves into a larger Space, and fo tak- 
ing up more Room than an equal 
Number in the neighbouring Columns, 
a Column of which .they are a Part, 
will become lighter than a neighbour- 
ing one of an equal Bafe. For, lince 
the Bodies in the lower Parts of this 
Column, are more diftant fr«n each 
other, than fuch as are in other Co- 
lumns, this Column cannot contain fo 
many of them ; that is, it cannot be 
fo heavy as another of equal Bafe, un- 
le/s it be longer; that is, unlefs the 
uppermoft Parts thereof ftand out 
above the Tops of the neighbouring 
Columns ; but this they will not do ; 
for by Virtue of the Tendency thofe 
Parts have to the large Body, they 
will immediately (like Water raifed 
above the Banks, which before con- 
fined it) fpread themfelves every Way. 
This Column therefore, which, ac- 

d 2 cording 
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cording to the foregoing Propofiton, 
before this happened, was a Counter- 
poile to thofe, which are round about 
it, being now beconie lighter, is no 
longer fo. The Confequence of which 
is, that the lowermoft Parts of the 
neighbouring Columns, will prefs in 
under this from, all Sides to reftore the 
Equilibrium. Neither can the Equi- 
librium the reftored, fo long as the 
Place we have been coniidering re- 
mains hotter, than thofe which are 
round about it. For, lince the Bodies, 
that come in, will fpread themfelves 
into a larger Space by Means of the 
Heat they receive there, and fill up 
more Room, than the like Number in 
another Column of equal Bafe, the 
Column to which they belong, will, 
for the Reafons abovementioned, al- 
ways be lighter than another of equal 
Bafe. And confequently, according 
to he Tenour of the foregoing Pro- 
poiitioa, the neighbouring Columns 

will 
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will overpoife it, whatever Diaientlonst 
as to their Bafes, we fuppofe them to 
b«of. 

Imagine the like to happen io a Co- 
lumn or Columns of the RartUs At- 
mofphere^ and the lower Parts of the 
neighbouring Columns rujhing in ac-^ 
cordingly at the Bottom from all rounds 
and you have an adequate Idea of the 
Caufe and Nature of the Winds; 
every Stream of the Particles of the 
Atmofphere rujhing ifi, as ahove^ being 
a difiinB Wind hkmng from that 
Point of the Compafs from which they 
come. Andy if you conceive the Center 
of that warmer Space to Jhift its Place 
varioufly upon the Surface of the, 
Earthy you then get the Idea of the 
feikral Sorts of them, as the Trade 
Winds, Monfocms, ^c. For Infianccy 
if it fhifts regularly along the fame 
Patbf it caufes Trade Winds ; if novf 

forwards^ 
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forwards^ and then backwards^ Mon- 
foonSy &c. 

Tbefe are the Principal Phaenomena 
in Natural Philofophy that are inde- 
pendent of each pther ; the refi are for 
the mofl_ Party no other than fo many 
particular Cafes^ CircumflanceSy or 
Confequences of thefe^ or, in fhort one 
way or other related to them. For the 
Solution^ of which 1 refer the Reader 
to the Book it f elf 

From a due Conjtderation of ihe 
Propofitions here laid down, the Reader 
will he able to form a true Judgment of 
the Nature and Bujtnefs of Natural 
Philofophy; will fee the Uniformity 
and Confiftency of the feveral Parts 
thereof with each other, and therein the 
wonderful Wifdom and Contrivance of 
tki fupfeme Being, in choofing fo fhort 
an4 eflfy a Method of producing fo 
-great a Variety of EffeSls, 

There 
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H^ere is one Thing more I think 
proper to be taken Notice of^ before I • 
put an End to this Preface ; viz/ That 
it has been a Ji^nding ObjeBion a- 
gainfl all Natural Philofophy in gene-- 
ral\ that whereas it afcribes EffeSh to 
natural or mechanical Caufes, adding 
by fixed and unalterable Laws, // 
therefore excludes a Providence and the 
immediate Care and ProteBion of the 
fupreme Being, making him no other 
than an Idle SpeBator of Things here 

below. 

In Anfmoer to this^ it is to be confix 
dered in the firjl Place^ that the Prin^ 
ciples of the Philofophy which is now 
received^ arefo far from being mecha- 
nical Caufes, at leafl thofewhicb are here 
made Ufe of thatj as above demon- 
fir ated^ they are the very Reverfe \ and 
confequently can be no other than the con- 
tinual aBing of God upon Mattery 
either mediately or immediately. Since 

then 
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then Natural V\xMQi^y ^ by accounting 
for /^^ Phs^omena of Nature by thofe 
Princiflesy tends to Jbem the Reality of 
them-y it is evident that it is fo far from 
excluding the Deity from being concern- 
ed in the Affairs of this World-^ that 
it tends to demonflrate that none are 
performed without his Order and Di- 
reSiion. Neither^ fecondly^ does Na- 
tural Philofophy inculcate^ that the, 
Laws by which thofe Principles aB, are 
fixed and unalterable : The Accufation 
is therefore foreign. But to confider 
this Matter a Utile more particularly, 

When^ in Natural Philofophy, a 
Principle is faid to aSi according to a 
particular Lawy the Meaning is noty 
that it (Ms neceJfarHy and unalteYably 
fo'y ' but onfyy that it does fo ordinarily, 
and in common Cafes. Douhtkfs the 
Author, both of Matter and of thofe 
very Principles by which it aSis^ can 
at any Time^ in the Room of its ordina- 
ry Opperation, fubfiitute a different 

one 
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one J and by that means produce EffeBs 
contrary to the common Courfe of Na-- 
turcy whenever he Jhall think proper. 
That he has donefo^ when wife Ends re-- 
quired it^ appears from Hijiory. That 
it may he done a Thoufand JV>aySy un- 
perceived by us^ is evident ; the Ope- 
ration of naturalCauJes [as they are cal- 
led) being to us almojl always out of 
Sight. For Inflancey though Light- 
ning may be accounted for by thefe Prin- 
ciples ; and in all Probability is ordi- 
narily the Refult thereof *^y it who will 
affirm^ in any particular Cafe^ that 
thofe Principles formed that very Light- 
nings or that its Courfe was diretiedby 
them f Upon the whole therefore^ to pre- 
fume^ that the ordinary and common 
Courfe of Nature is not fometimes al-^ 
teredy is hafty and unwarrantable- 

e THE 
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Natural Philofophy 


Part I. 



The INTRODUCTION. 

O wild aiid ejtttavagant hdve been the 
Notions of a great Part of Philofbphers^ 
both Ancient and Modern, that it is 
hard to determine, whether they have 
beeri more diftant in their Sentiments from 
^ruth, Or from one another ; or have not ex- 
ceeded the Fancies of the moft fabulous Wri- 
ters, even Poets and My thologifts. This ^vas ow- 
ing to a precipitate Proceeding in their learch- 
ing into Nature, their neglefting the Ufe of 
Geometry and Experiment, the. moft neceffary 
Helps to the finding out Caufes^ and propor- 
tiomng them to their EfFeds. 

The Manner of Philofophii^ing among the 
Ancients was to afcribe to Bodies certain ^r^i- 

A ' trary 
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trary Properties, fuch as bcftferv'd theirPurpofe 
in accounting for the Phaenomena * of Nature ; 
from whence proceeded fo many various Sefts 
of Philofophers j every one ailignitig a difFetent 
Caufe to the &me Appearance, as his particular 
Genius and Imagination led him. 

Th* chief Agreement obftfvable among 
moft of them, confifts in this, ^iz. that they 
conceived all Bodies, as Compofitions of Air, 
Earth, Fire, and Water, or fome one or more 
of them, from whence they acquired the 
Name of Principles or Elements, which they 
ftill retain. 

Epicurus advanced a little farther, and aC- 
lerted, that though Bodies confiftcd of fbme 
one or more of thefe, yet that they were not 
ftridlly Elements, but that thefe themfclves con- 
fifted of Atoms ; by an accidental Concourfc 
of which, (as they were moving through infinite 
Space in Lines nearly parallel) all Things re- 
ceived their Form and Manner of Exiftence f . 

l>£sCARTE8has Contrived an Hy pothefis 
very different from the reft j he fets out with a 

* By a Phd?nomenon of Nature, is meant any Motion or Si- 
tuation of Bodies among one another, which offers itfelf to th# 
Notice of our Senfes, and is not the immediate Refult of the Ac< 
tion of an intelligent Being* ^ 

f For the Opinions of the Ancient Philofophers, confult D/«- 

Suppo* 
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Suppofidon that theUnlverfe at firfl was entire- 
ly fiiJJ of Matter, that, from this Matter when 
firftput in Motion, there would. neceffarily be 
nibbed oflF (by the grinding of the fe veral Parts 
one againft another) feme Particles fuflSiciently 
fine to pais through the hardefl and mofl: folid 
Bodies without ipecting with any Refiftance : 
of thefe confift^ his Materia fubtilis^ or Mate- 
ria frimi Elementi. He imagined that from 
hence alfb would refult other Particles of a glo- 
bular Form, to which he gave the Name of 
Materia fecundi Elementu Thofe which did no^; 
fo far lole their firft Figure, as to come under 
the Denomination of Materia frimi qx fecundi 
Element i^ he called Materia tertii Element i ; 
and maintained that all the Variety, which apr 
pears in natural Bodies, was owing to different 
Combinations of thole Elements, 

He likewife fuppofes that God created a 
certain Quantity of Motion, and alligned it 
to this Mafs of Matter, and that That Mo- 
tion (being once created) could no more 
be annihilated without an omnipotent Hand, 
than Body itlclf ; in Qonfequence of which, 
he was obliged to teach, that the Quantity of 
Motion is always the fame : So that if all the 
M|en and Animals in the World were mov- 
ing, yet flill there would be no more Mo- 
tion, than when they were at Reft, the Mo- 
tion wliich they h^d not, wh?u at R?1J, berpg 

A % ^ransferr'4 
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transferred to the ^Ether. So unaccountable 
are the Notions of this great Philofopher, that 
it is furprizing his Doftrine Ihould have met 
with fuch univcrfal Reception, and have got 
fo ftrong a Party of Philofophejrs on its Side, 
that notwithftanding it was mbre abfurd, than 
the Schoolmens Subfiantial Formsy they muft 
all be exploded to make Way for his ingenious 
Hypothec^. 

Des Cartes has been faid by a late Wri- 
ter *, to have joined to his; great Genius an 
exquifite Skill in Mathematicks, and by mixing 
Geometry and Phyfics together, to have given 
the World Hopes of great Improvements in the 
latter. But this Writer ought to have con- 
fidered that what he look'd upon in Des CAk^p- 
TEs's Book of Principles, as Demonftrations, 
are only Illuftrations, there not being a De- 
monftration from Geometry in all his Philofbr 
phical Works f. 

The prefcnt Method of Philofbphizing cfta- 
blifh'd by Sir Isaac Newton, is to fihd out 
the Laws of Nature by Experiments and Ob- 
fervations. To this, with a proper Applica- 

^ Mr. Wifttmla his j^fkdions on Ancknt and Modem 
. Learning. 

. ' ' . •♦ 
f See this Subje£l difcufs'd more at large in KeiJ*^ Introduc- 
tion to his Examination of Dr. Barnefi Theory. 

tion 
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tion of Geometry, is owing the great Advan^ 
tftgc the prefent Syftem of Philofophy has Oi 
Ycr all the preceding ones, and the vaft \m^ 
provement it has received within the laft Age. 
It is indeed in vain to imagine, that a Syftem 
of Natural Philofophy can be framed by any 
other Method t for without Oblervations it is 
impoffiblc we (hould difcover the Phatnome- 
na of Nature, without Experiments we muft 
be ignorant of the mutual Aftions of Bodies^ 
and without Geometry we can never be certain 
whether the Caufes we affiga be adequate to 
the Effeds we would explain, as the various 
Syftems of Philofophy built on other Founda- 
tions, evidently fhew* 

This Way of fearching into Nature was 
firft propofcd by my Lord Bacon *, profc- 
cuted by t\xtRq)iai Society^ the Royal Academy . 
at Tarisy the Honourable Mr. Boyle, Sir 
XsAAC Newton, ^c. 

What wonderful Advancement in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conduced by a 
Genius equal to the Work, will be beft under- 
flood by confidering the Difcoveries of that 
excellent Philofopher laft mentioned. To Him 
it is principally owing, that we have now a 

^ See his Novum Organum. 

rational 
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rational Syflem of Natural Philofophy ; 'tis He 
■who, by purfuing the fure and unerring Me- 
thod of reafoning from Experiment ^ud Obfer- 
Vation, joined with the moft profound Skill in 
Geometry^ has carried his Enquiries to the 
moft minute and invifible Parts of Matter, as 
well as to the largeft and moft remote Bodies 
in the Univerfe, and has eftablifhed a Syflem 
not fubjeft to the Uncertainty bf a mere Hy" 
pothefis, but which ftands upon the fecuiQ 
pafis of Geometry itfelf. 
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CHAP. L 

I 

7i5e Properties of Body. 

IT being the Defign of Thyjics or Natu- 
ral Philolbphy to account for the Phas- 
nomena of the Material World, it is neceflary 
to begin with laying down the known Proper- 
ties of Body. 

TH£S£are i. Solidity. a.Extenfion. 3.Di- 
vifibility . 4. A Capacity of being moved from 
Place to Place. 5. A Paflivenels or Inadi vity. 
Which are the effential Properties of Body j 
as appears from what follows. 

I. Solidity, called alfo Impenetrability, 
is that Power which Body has of excluding 
all others out of its Place. 

That Body, as fuch, muft be endued with 
this Property follows from its Nature, for o- 
therwife two Bodies might exift in the fame 
Place, which is abfurd. The fofteft arc equal- 
ly folid with the hardeft, for we find by Ex- 
periment, that the Sides of a Bladder, filled 
with Air or Water, can by no Means be made 
to come clofe together *. 

* At Florence a hollow Globe of Gold was filled with Wa- 
tCTy and then exactly closM ; fhe Globe thus clofed was put 
into a Prcfs driven by the Force of Screws ; the Water, find- 
ing no Room for a nearer Approach of its Particles toward 
each other, made its Way through the Pores of that clofe 

Metal, 
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1. That Body is extended, is felf-evident^ 
it being impof&ble to conceive any Body^ 
which has not Length, Breadth, and Thick- 
nefs, that is, Extenfion. 

3. It is no lefs evident, that Body is divi- 
fible^ for fince tio two Particles of Matter cari 
ekift in the Ikttie Place, it follows that they ard 
really diftin A from each other, which is all that 
is meant by being divifible. 

In this Senfe the Icaft conceivable Particle 
muft ftilf be divifible, fince it will cortfift of 
Parts, which will be really diffind *. To il- 
luftrate this by a familiar Inftance : Let the 
leaft imaginable Piece of Matter be conceived 
lying on a fmooth plain Surface, 'tis evident, 
the Surface will not touch it every wherc^ 
thofe Parts therefore, which it docs not touchy 
may be fuppofed feparable from the other, and • 
fo on as &r as we pleafe ; and this is all that 

Metal, (landing in Drops like Dew on the Outfide, before tke 
Globe would yield to the violent Preflure of the Engine. 
V. Acad, del Ciment, 

* This Propofition is denionftrated Geometric^I)r thtis^ fap^ 
pofe the Line A D (Fig, i .) perpendicular to B F, and another as 
G H zlz fmall Dillance from it alfo perpendicular to the fath^ 
Line ; with the Centers CCC, &c. defcribe Grcles cutting the 
Line G H In the Points e, e, e. Sec Now the greater the Ra- 
dius AC is, the lefs is the Part e H, But the Radius may be 
augmented in infinitum. So long therefore the Part E H may- 
be divided into ilill lefs Portions ; coilfequently it may be divid- 
ed in infinitum. ^ E, D. V. Air/Ts Introd. ad Phyf. Prd. 3, 
4, 5, Gra<vefande\ Elem. Math. Phyf. L. i. c. 4. Schol. 

is 
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is cneant, when we fay Matter is infinitely 
divifible. 

How far Matter may aftually be divided, 
may in fome manner be conceived from hence* 
that a Piece of Wire, gilt with fo fmall a 
Quantity as eight Grains of Gpld, may be 
drawn out to a Length of thirteen Thoufand 
Feet, the whole Surface of it ftill remaining 
cover'd with Gold f . 

A Quantity of Vitriol, being diffolyed and 
mix'd with nine Thoufand Times as much 
Water, will tinge the whole, confcquchtlyr 
the Vitriol will be divided into as many Parts 
as there are vifiblc Portions of Matter in that 
Quantity of Water ^. 

jThere are Perfumes, which| without a fen- 
lible Diminution of their Quantity, fliall fill 
a very large Space with their odoriferous Par- 
ticles, which muft therefore be of an incon- 
ceiveable Smallnefs, fincc there will be a fufli- 

* Wc have a furpriiing tniiance of the Minatenefs of (bme 
Parts of Matter, from the Nature of Light and Vifion, Let vk 
Candle )be lighted, and placed in an open Plane, it will t^en be 
vifible two Miles round, confequently was it placed two Miles a- 
bovc the Surface of the &rth, it would fill with luminous Par- 
tides a Sphere, whofe Diameter was four Miles, and that be* 
fore it bad loft anv fenfible Part of its Weight. The Force of 
this Argumerit will appear better when the Reader is acquainted 
with the Caufc of Vifion. 

+ -fe/TsIntrod. ad Phyf. PrgeLj. Rdigidus Philof. Coi)i- 
tempi. 25. 
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cient Number in every Part of that Space, fen- 
fibly to afFcd the Organ of Smelling. 

4. That all Matter is moveable, follows 
from its being finite ; and to fuppolc it pofi- 
tively infinite is abfard, becaufe it confifts of 
Parts *. 

5. By the Paifivenefs or Inaftivity of Mat- 
ter, (commonly caird its Vis Inertia) is.meant 
the Propenfity it has to continue its State of 
Motion or Kt% till Ibmc external Force afts 
upon it. This will be &Ttiier explained und«f 
the firfl Law of Nature, 
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a 

Of Vacuum, 

* 

LACE void of Matter is called emfrty 

Space, or Vacuutn. 

[t has been the Opinion of fbme Phi* 
lolbphers, particularly the CartefianSy that Na- 
ture admits not a Vacuumy but that the Uni- 
verfe is entirely full of Matter: in conlc- 
quence of which Opinion they were obliged 
to affert, that if every Thing contained in a 
Veflel could be taken out or annihilated, the 
Sides of that VefTel, however ftrong, wouM 
come together.; but this is contrary to Expc- 

» 

* Sec Mr. I<?w*»Tranflation of ABp. JB*^ d$ Origim Mali. 
Not. 3 

xience^ 
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rience, for the greatcft Part || of the Air may be 
dravtrn out of a VeflcL by means of the Air- 
Pump, notwithftanding which it will remain 
whole, if its Sides are &ong enough to fupport 
the Weight of the incumbent Atmolpherc. 

III. Should it be objefted here, that as it is 
impoflible to extrad all the Air out of a Veflcl, 
and that there will not be a Vacuum on that 
Account ; the Anfwer is, that fince a very great 
Part of the Air, that was in the Veffcl, may be 
drawn out, as appears by the more quick De- 
Icent of light Bodies in a Receiver * when ex- 
haufted of its Air, there muft be fome Vacuities 
between the Parts of the remaining Air: which 
is' lufficioit to conftitute a Vacuum. Indeed to 
this it may be objeded by a Cartefiafty that 
thofe Vacuities are fiUM with Materia fukilis^ 
that pafles freely through the Sides of the Veflel, 
and gives no Refiftance to the falling Bodies : 
but as thoiExi^cncc of this Materia fuift His can 
never be prov'd, we are not oblig'd to allow the 
Objedion ; efpecially fince Sir Isaac Newton 
has found, that all Matter affords a Refiftance 
nearly in Proportion to its Denfity f* 

There are many other Arguments to prove 
this, particularly the Motions of the Comets 

I A Veflel cannot be entirely exhaafted of its Air, becaoTe 
th« A^ion of the Pump depends on the Spring of that which re- 
maittiin theVeiTel. 

* By this Term is meant any Veflel, out of which we extraft 
the Air by the Air-Pamp. 

f Newt Principia Lib. 2. Prop. 31. 8c 40. &. Opt. Edit. 2. 
Book J. Quer. i8» 19, 20, zt. Dtfi^ul, Left. i. Ann. 2. 
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through the Heavenly Regions without any 
fenfible Refiftance * ; the different Weight of 
Bodies of the fame Bulk, ^c. but thofc, being 
pot yet explained, arc not fo proper to be inlift- 
ed on in this Place* 

Of AttraSiion and Refuljtqn. 
CHAP. III. 

I. T3 ESI D ES the foreraentioned Proper- 
Jf3 ^^^5 ^^ Matter, it has alfo certain 
Powers or aftive Principles, known ^ by the 
Names of AttraBion and Re^uljiofiy probably 
pot cffential or neceflary to its Exigence, but 
Jmprefled upon it by the. Author of its Being, 
for the better Performance of the Offices for 
•which it Was defign'd# 

II. Attraction is of two Kinds, i. Co* 
liefion, or that by which minute Bodies, (or 
the feveral Particles of the. fame Body) when 
placed afunder gt very Imall Diftances, mutu*- 
ally approach each other ; and then adhere or 
flick together^ as if they were but one. 2. Gra- 
vitation, or that by which diftjnt Bodies aft 
upon each oth^r. 

III. The Attraftion ofCohefionis proved 
from abundance of Experiments, of which ibpie 
pf the moft obvious are as follows, 

I. Let 
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I. Let a fmall glais Tube (commonly call'c| 
a Capillary Tube) open at both Ends, be dipt 
into a Veflel of Water, the Water will imme*- 
diately rife up in the Tube to a certain Height 
above the Level of the external Water. This 
Rife of the Water in the Glafs Tube is manifeftly 
owing to the Attraftion of thofe Particles of the 
Glafs, which lie in the inner Surface of the 
Tube immediately above the Water : Accord- 
ingly the Quantity of Water raifed is always 
found to be proportionable to the Largenefi 
erf that Surface *. 

a. Let two Spheres ofQuicfcfilver be pla- 
ced near each other, and they will immediately 
run together, and form one Globule. 

IV. The Laws of this Attradion are, i. 
That it ads only upAi Contaft, or at very fmall 
Diftances ; for the Spheres, mentioned in the 
lad Experiment, will not approach each other, 

* The Heights the Water rifes to in difierent Tubes, are ob- 
ferved to be reciprocal])^ as the Diameters of the Tubes, from 
whence it follows that the Quantities raifed are as the Sorfacei 
which raife them. 

Defn^ Let there be two Tubes, the Diameter of the firft 
double to that of the fecond, the Water will rife half as high 
in ^he firft as in the fecond : now was it to rife equally high 
in both, the Quantity in the £rfl would be four times as great 
as in the iecond, (Cylinders of equal Heights being as the 
iSqoares of their Diameters; il. EL 1 4.) werefbre fince it is 
found to rife but half as high, the Quantity is but twice as much* 
and therefore as the Diameter ; but the Surfaces of Cylinders are 
49 their Diameters/ therefore the Quantities of Water raifed arc 
nlfo as the Surfaces. ^ £. D. 

^ the PiOerutioa on this Subjefi. Part II. 
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till they arc placed very near. a. Ita^sacord- 
ing to the Breadth of th? Surface of the at- 
trading Bodice, and not according to their 
Quantities of Matter. For, let there be two 
polifh'd Giafs Plates laid one upon another^ in 
fuch a Manner as to touch at one End, and 
there make a very fmall Angle : If two une- 
qual Drops of Oil be put between thefe Plates, 
at equal Diftances from the Line of Contad:, fo 
that the leaft may touch both Glafles, they 
will then bpth move towards the Ends that 
touch, becaufe the Attra£tion of the Surfaces 
inclines that Way ; but the largeft,^ touching 
the Glafles in moft Points, will move the faft- 
eft. 3. 'Tis obferv'd to decreaic much more 
than as the Squares of the Diftances of the 
attrading Bodies from each other increafc : That 
is, whatever th? Force of Attraftion is at a gi- 
ven Diftance; at twice that Diftance it ihall be 
more than four Times lels than before *. 

V. From hence it is eafy to account fer the 
different Degrees of Hardnefs in Bodies; thofe 
whofe conftituent Particles are flat or fquare, 
and fb fituated as to touch in many Points, 
will be hard ; thofe Particles which are more 
round, and touch in fewer Points, will confti- 
tute a fofter Body ; thofe which are fpherical, 
or nearly of that Figure, will form a Fluid, f . 

a * 

• V. KeiJii Opera Ed. 4/*. p. 626. ' 
+ ^cc Rgbault in the Notes, p. .ioc» 108. See Part IH 
Chap. I. 5*2. ^n the Notes. Niv^toni. Optic, p* 33S* . 

VI. At- 
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VI- Attraction of Gravitation is that, 
by which diftant Bodies a£b upon each other. 
Of this we have daily Inftances in the falling 
of heavy Bodies towards the Earth. 

VII. The Laws of this Attraftion are, i^ 

' That it decreafes, as the Squares of theDiftances 

between the Centers of the attracting Bodies 

increafc. Thus, a Body, which at the S'ur- 

fece of the Earth (i. e. about the Diftance of 

four Thoufand Miles from its Center) >yeighs 

ten Pounds, if it was placed four Thoufand 

Miles above the Surface of the Earth, /. e. 

twice as far diflant from the Center as before, 

would weigh four Times lefs ; if thrice as far, 

nine Times lefs, ®c.' The Truth ofthisPro- 

pofiti(xi is not to be had from Experiments, 

(the utmoft Diftance we can convey Bodies to, 

from the Surfece of the Earth, bearing no Pro-. 

portion to their Diftance from its Center,) 

but is fufHciently clear from the Motions ob-? 

fcrv'd by the heavenly Bodies. I4 Bodies at-* 

traft one another with Forces proportionable 

to the Quantities of Matter they contain ; for 

all Bodies are otrfcrv'd to fall equally faft iri 

the exhaufted Receiver, where they meet with 

no Rcfiftance. From whence it follows, that 

the Aft ion of the Earth upon Bodies is exaft- 

ly in Proportion to the Quantities of Matter 

they contain ; for was it to ad as ftrongly 

upon a lefs Body as upon a larger, the le?.ft 

Body, being, mofl cafily put into Motion, 

would 
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tvould move the fefteft. Accordingly, it is 
obfcrvable, that the Weight of a Body is the 
Xamc whether it be whole, or ground to 
Powder*. 

VHI. From hence it follows, that, was a 
Body to delcend from the Surface toward th<r 
Center of the Earth, it would continually be-s 
come lighter and lighter, the Parts above at- 
trafting it, as well as thofe below ; in which 
Cafe it is demonftrated by Mathematicians, 
that the Gravity would decjeafc with thcDi- 
ftance of the Body from the Center f . 

Scholium. 

■ ■ ■ w 

* Grawfandi Lib. 4. Chap. 11. Cd/^j's Preface to }k^<m^%. 
Princip. 

+ Dem, Let there be a Body as P. (Ftg, 2.) jJaced any 
where within a Concave Sphere^ as /^Bf which let us fuj^fe 
divided into an infinite Number of thin concentric Sur&ces ; 
I fay, the Body P will be attracted equally each way by any 
one of thefe 'pt.-^. the interior HZfiTLiJf. Let there be Lhjes 
as IL, HK, &c. di:^wii through any Point of the Body. P, m 
foch a manner as to form the Surface of two iimllar Figures ; 
iuppofe Cones, the Diameters of whofe Bafes may be IHy KL^ 
which let be infinitely fmall. Thefe Bafes (being^as the Squares 
of the Lines /H, KL) (2. Elm. 12.) will be direftly, as the 
Squares of their Difbncesfrom P (for the Triangles IPH, KPL^ 
being infinitely fmall, are fimilarO But thofe Bafes include all: 
the Particles of Matter in the interior Sur^ce, that areoppoiite 
to each other ; the oppofi'te Attra£lions are therefore in the 
fame Ratio with thofe Bafcs^, that is as the Squares of the Dif- 
tances PK, PL But the Attra£iion is inverfcly, as the Squares of 
the Diflancesof theattradling Bodies, §. 7. i. e, inverfely as the 
Squares of the fame Diflances PK PI; thefe two Ratios 
therefore deftroying each other, it b evident, that if the Con-^ 
Wity of the Sphere was filled with Matter, that alone, wl^ch 
lies nearer the Center than the Body can efFe£k it, the refpe£livc 
Anions pf all th^ Parts^, that are more diftantj being equa!^ 

an4 
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Scholium. It may be proper to oblcrve hcre^ 
that when Piiilofbphers ^afc of Bodies gravi- 
tating to^ or attrafting each other, that Body is 
laid to gravitate to another, which moves to- 
wards it, while the other a^ftiialiy is, or appear^ 
to be, at reft, and this other is faid to attraft 
the formei' j though indeed the l^oice being mu* 
tiial and equal on both Sides (as will be ex- 
plained under the third Law of Nature) the 
iame Terili might be apply^d to either the gra- 
vitating or attracting ioody. 

It is farther to be cd)lerv'd^ that when we 
ufe the Terms, Attradion or Gravitation, we 
do not thereby determine the Phyfical Gaufe . 
of it, as if it proceeded from fome fuppofed 
occult Quality in Bodies j but only ufe thofe 
Terms to fignify an Effiift, the Caufe of 
which lies out of the reach of our Philofophy. 
Thus^ wc may fey, that the Earth attrads hea- 
vy Bodies ; or that fuch Bodies tend or gravi- 
tate to the Earth : although at the fame time we 

tsd in CQQjtxanr DiredliofiSf iiqce the fame is den!ionftFable of anir 
of t{\e remaiiling concentric Surfacjss. Let U9 fee thep what eA 
kSt thati which lies nearer the Center than the Body, will havo 
bpon Kf whkh may h^ coniidered as a Sphere^ dn whofe Sorfaca 
the Body is placed. The Diftailces of each Particle of Matter 
from the Body, (taken Colleftiyely) will be as the Diameter ot 
the Sphere, or as the Radius, i . ^. as the Difbnce of the Body 
iFiomthe Center : their A dtion therefore upon the Body will bo 
fnverfely as the Square of that Diftance : but the. Quantity of Mat- 
ter will be as the Cube of that Diflance , ( 1 8. Elem. i Zi) the At* 
tra&ion therefore will be alfo in that Proportion. Now, thefe 
twoKatios being compounded, -the Attra£^on will be only as 
tifitt PlUanc: of the Body from the Center. ^ E* D. 

C ■ - are 
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are wholly ignorant; whether this is efFcded 
by Ibme Power, adually exifting in the Earth, 
or in the Bodies, or external to both ; fincc 
it is impoffiblc any Error in our Reafonings 
can follow from hence : it being evident, that 
all the Cpnfequences of fuch Tendency muft 
be the'laine, let the Caufe be where, or what 
it wiU. '* 

X. Repulsion is that Property in Bodies, 
whereby, if they, are placed juft beyond the 
Sphere of each other's Attradion of Cohefion, 
they mutually fly from each other.' 

Thus, if an oily Subftance, lighter than 
Water, be placed on the Surface thereof, or if 
a Piede of Iron be laid on Mercury,; the Sur- 
face of the Fluid vf'Al be deprefs'd about the 
Body laid on it : . This Depreilion is manifeftly 
occafion'd by a repelling Power in the Bodies, 
which hinders the Approach qf the Fluid to- 
wards them. 

But it is poffible in fbme Cafes to prefs or 
force the repelling Bodies into the Sphere of 
one another's Attraftion ; and then they will • 
mutually tend towards each other; as when 
we mix Oyl and Water till they incorporate \ 

XI. Besides the general Powers foremen- 
tioned, there are fome Bodies that are endued 
with another, calFd EleCiricity. Thus Amber, 

• We have an undeniable Proof of this Repulfive Force in 
Sir Ifaac iVipw/o/Zs Optic k$. B. 3. and Query 31. 
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Jet, Sealing-Wax, Agate, Glafs^ and moft 
Kinds of precious Stonea' attraft and repel light 
Bodies at confiderable Diftances. 

The chief Things obfervable in thefe Bo- 
dies are, i. That they don't ad, but when 
heated. 2. That they ad more forcibly when 
heated by rubbing, than by Fire. 3, Thar, 
when they are well heated by rubbing, light 
' Bodies will be alternately attraded and rcpclFd 
by them, but without any obfervable Regula- 
rity whatever. 4. If a Line of fcveral Yards in 
length has a Ball, or other Body fufpended at 
one End, and the other End be fixed to a Glafs 
Tube; when theTube is heated by rubbing, the 
Eledrical Virtue of the Glafs will be cooimu-r 
nicated from the Tube to the Ball, which will 
attrad and repel light Bodies in the fame Man^ 
ner, as the Glafs itfelf does. 5. If the GlafsTube 
be emptied of Aif , it lofes its Eledricity *• 

XII. Lastly, the Loadftone is obferv'd to 
haveProperties peculiar to itfelf, as that by which 
it attrads and repels Iron, the Power it conimu- 
nicates to the Needle, and fevcral others f . 

* See Haukjbee'^ Experiments. ThiUJophSranfaH, No. 326. 

\ Several Solutions of thefe Properties of Eledricity and Mag- 
Mitifm have been attempted by different Philofophers, bat all of 
them fo anfatis&dory as not to deferve a partictllar Account in , 
this Place. See Chambers^ Di£):ionary in Ele^ricity^ and Des 
Cartes Opera PhiloTophica. P. IV. §.133, with feveral others 
referr'd to in ^jueftiones Philofopbica, Defagui Led. I. J. 33. 

C a CHAP. 
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C H A P. IV. 

Of the Laws of mothn^ annnioniy cal- 
led Sir Isaac Newton's Liawi of 
. JVatf/re, ' . -. : 

• • - t 

r 

t; \ XL Bodies continue thfeir State 6f 
• XjL ^^^> ^^ uniform Motion in a right 
Line, till they are made to change that State 
fcy Ibme external Force imprellcd upon them, 

'This Law is no other, than that univerfal 
Property of Bodies, called Paffivenefe or In- 
adivityj whereby they endeavour to continue 
the State they are in, whatever it be Thut 
a Top only cdales to run round on Accotint of 
the Kefiffancc it meets with from the Air^ 
and the Fridion oF the Plane whereon ^ik 
plover And a Pendulum, when left to vi« 
brate in vacti^^ Svfctere tbete is nothing to flop 
}P, fedt the Fridfon ariiing from the Motion 
of the Pin on which it is fu^ndcd, conti* 
nues to. move much longer, than one in the 
ojpfen Air, 

IL Thk Change of Motion produced in 
tiny Body, is always proportionable to the 
Force, whereby it is eflfeiSkcd ; and in the j6me 
Pircdion, wherein that Force afts. 

This is an immediate Conlequence of this 
Axiomi tbe Effcd is always proportionable to 

its 
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its Gaufe* For Inftarrce, if a certain Ftwcc 
produces a certain Motion^ a double Forop 
will produce double the Motion : a triple 
J'orce triple the Motion, ^c. If a Body is in 
Motion, and' has a new Force imprefled on it 
in the Direftion wherein it moves, it will re* 
ceive an Addition to its Motion, proportional 
to the Force imprefied j but if the Force ads 
diredly contrary to its Motion, the Body will 
then lofe a proportional Part of its Motion : 
Again, if the Force is imprefled obliquely, it 
will produce a new Diredion in the Motion 
pf the Body, more or le& difierent fi:oai the 
ibrmef in Proportion to it( Quantity and Di« 

III. Ke^ 

* This Cafe is expref&d more accurately hy Mathematicians 
thus. If the Proportion and Direftion of two Forcaics, adding 
upon a Body at the fame Time, be reprefented by the Sides of a 
Parallelogram^ the Diagonal of that Parallelogram will repre* 
fent the Proportion and Dire£lion of their united Forces. 

Dim, Let the Body -^.^F/>. 3.) be impell'd with a Force, 
which would carr^ it to E, in tne fame Time t|iat another, ad* 
ing upon it in the Dirt£tion ^D, would carry it to 2). Ima-* 
gine that while the Body pfl*es to E, the Line JD (in which 
the Body moves by the other Force) moves to EB, in a Direc* 
tion parallel to itfelf ; when th«f Body has advanced to G in 
file Line AE^ th^ Line JD will have got to GF, and the Body 
will have paffed over GH^ fnch a Part of it, as bears the 
fame Proportion to the whole Line GF, as j4G does to JE,, 
that is, GH (the ftiorter Side of the Parallelogram GM,) is to 
GF, or, wliich is the fame Thing, to EB (the fliorter Side of 
thp Parallelogram ED) as JG (the longer Side of the former) 
is to JE the loiiger Side of the latter,) frbm whence the Pa- 
rallelograms arenmilar, EI, 6. Def. i. and confequently, by 
24' EL 6. the Point H b in the Diagonal, that is^ the Body 
w31 dways be found in the Line AB. Q^£. JD. 
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HI. *R Faction is alway^ contrary, and c- 
qiial to Aftion; or the*Aftions,df fwo Bodies 
upon each other, arc tqual, arid in contrary 
Diredions. - ' 

Tm/^, luppofe 'a Stone, or ether Load to 
be drawn by ^n Horft ; the 'Load reads upon 
the'Ht>rfe, as much as the Horfe afts upon the 
Load; for the Harnefs, which is ffretched 
equally between them both Ways, draws the 
Horfe towards the Stone, as much as it does 
the Stone towards the Horfe'j and the progrcf- 
five Motion of the Hor£e is aS much retarded 
by the Load, asthtMotibh of the Load is 
promoted by the Endeavour of the Horfe* " 
This will be better explained from the follow- 
ing Inftahce J let a Perfon, fitting in a Boat, 

CprolL From hence we hare an cafy Method of rcfolving 
a given Motioa into any two^ or more Diredidns whatever ; 
vss^ by defqribing a Parallelogram about the given Direction 
as a Diagonal, the two Sides of which will reprefent the Di- 
xtfidons fought.' Thus, fuppofe a Body was impell'd in the 
line JB, we may conceive it as afted upon by two Forces at 
the ia'me Time, one towards E, the other towards Z>, or any 
otlier two whatever, .provided the Lines be drawn of fuch 
length, that^avhen the Parallelogram is compleated, thd given 
JSin^ AB ihall be its DiegonfK , 

*. It may Jje thought perhaps, that (two equal and contriary 
Forces deftxoying o;ic another) the Horfe will in this Cafe not 
be able to move at all, becaufe the Load ^faws him back, as 
much as he draws the liOad forwards t But it is to be ob- 
▼cd that the Strength of the Horfe is not properly exerted up- 
on the Load but upon the Ground; and consequently the 
Ground, reacting and continuing at ReK, pufhes the Horfe 
fcrward with jufi fo much Force as the Horfe exerts, above 
what is counteraded by the Load. ' 

draw 
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draw another^ Boat equa% h^avy towaii^s 
him^ they wiU both move towards each other 
with equal V^opities: L?f the Bc»t,he fits in 
be the Hghteft, and it will move the fafteft ; 
becauie the Adion being equal on both Sides, 
the fame Quantitiy of Mption wiU be given to 
each Boat^ that is, the leiler will have the- 
greater Velocity * 

We have, a farther Confirmation of this 
from Attraction.. Suppofe two Bodies attrad- 
ing one another, but prevented from coming 
clofe togeth?j:.by Ibmc other Body placed be- 
tween them : If their refpedive Adions, by 
which they tend towards eaoh.other, were not 
equal on both Sides, then would the interme- 
diate Body be preffed more one Way than the 
other, and ib all three would begin to move 
of thcmfclvcs the.iame .Way; but that three 
Bodies ftiould be put into Motion after this Man- 
ner, when no external Force ads upon them, is 
contrary to Experience, confequcntly whatever 
different Degres of Force, any two Bodies may 
be capable of exerting, their mutual Adions 
on eadi other, are always equal This may 
be try'd with a Loadftorfe and Iron ^ which, 
being put into proper Veffels, contiguous to 
one another, and made to. float pn the Surface 
of Water, will be an exad .Counterbalance to 

* Sec the Diftinftion between Moiioa and Velocity. Chap. 9. 

each 
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each other, and remain at Reft, whatever be 
the attra£Uve P6wer of the Loadftone, or the 
Proportion of their refpeftiye Magnitudes. 

These Laws receive an abundant Addido<^ 
nal Proof frcxn hence, vi:&. that all the Ccm-* 
elufions that are drawn from them, in Relation 
to the Phsenomena of Bodies, how complicate 
ed fbever their Motions be, are always found 
to agree perfeftly with Oblcrvation. The 
Truth of which fufficicndy aj^^eais an all Parti 
of the Newtonian Philofophy ♦. 

C H A p. V. 

c 

7he Phcenomma of Falling Bodies^ 

I. ^ I ^HE Lawsof Nature being thus explain* 

I ed, we proceed to account for fome of 

thoiePhaBnomena, which are folvable by them^ 

II. To begin with thole of falling Bodies^ 
Conftant Experience (hews, that Bodies have s 
Tendency towards the Earth, which is called 
Gravity, the Laws of which were enumerate^ 
in Chap. 3. ^. 7. 

III. The Height, Bodies can be let M from, 
bears fb finall a Proportion to their Diflance 
from the Center of the Earth, that it cannot 

* See thefe La^ explain^ more at large by Cheynt in his 
Principles of Philc^ophy . Kith Introd. ad Phyf. Pnel .11,12. 

fcnfibly , 
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jfehfibly alter l^eir Gravity j tvhkh tk^tdEg^e 
cilfty be cortGciv'd, a^ ading cofiAantly an^ uniir 
forflily upon thttn,- duriog, the ttibok Time cflT 
th^if Fail : Fr6tn whence they muft neceflarily 
i^^uife, at every Inffant, ati equal Degrfee of 
Velocity, which on that Accounc \*ill conftant- 
ly itac¥eafe$ ia Proportion to t^erTlme the £o^ 
dy takes up in falling.- ' ^ . . . : : 
• • tV»' The Spaces bodies fall through in dif- 
ferent Times, reckoning from the.Beginiiin^ of* 
Their ]Pali, areas the Squares of thofe Times; 
thi^s^ a Body will &jjl four Tmcs a» far in twp 
'Minut;e8, as it docs in one, and nine Times as 
;j^r in three, ^xtqcn Times a? far' in four, ^c.*; 

. V.Fjiom 

* In ordef eo AononllrMe this Propofitl^, ii vrili be neceiSuy 
to lay down the following Theorem, <viz» 

That the Spaoe a Body pafTes over, with irn uniform Motion^ 
it in a ^tfo com^nd^d of the Time and Velocity. For the 
longer a Bod^ oontinues -to move uniformly, > the more Space' it 
moves over ; ^nd the failcr it moves ^ring any Interval o£ 
Time, the ^rther it goes /therefore the Space is in a Ratio oomi 
pqpnd of both, ^hat is, is had by mQltiplying one into the o- 
ther. 

X^orolh Therefore the Area .cf a Reelangle, 6ne of whoTe 
Sides reprefents the -Celerity a Body mo^ves with, and the oth^r 
^lieTime of its Motion, wil} exprdTs the Space it moves through* 

This being premifed, let the Line AE {Fig. 4.) leprefcnt 
theTipxe a Body takes up in falling, and let BC exprefs the 
Celerity acquired by its Fall ; farther- let the Line AB be di- 
vided into an indefinite Number of fmall Portions, «, /«, 
mp^ &c. and let ef, tk^ mn, p^. Sec. be drawn parallel to the 
'Bafc. Now it is evident from §f. 3. (i/Za;. tliat the Velocities 
are as the Times in which they are acquired) thai the Lines 
tf, ik, mn, pq. Sec, -being to eath other (4. EL6) as the Lin^s 
jU^ At, Am, Ap, &c. will reprefent the Celerities in the Times 
reprefented by theie : tHat i^^ ^will be as (he Velocity pf the 

D Body 
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V. From this Propofifion it follows, that a 
Body fells three Times as far^ ' in the iecxmd 
Portion of Time, as it does in the firft; five 
Times as far in the third ; Icven Times in the 
ibtirth, and fb on in the Series of the odd 
Numbers : For othcrwile it could not fall four 
Spaces in two Minutes, and nine in three, at 
the Propofition afierts *. 

VI. 


Body m the fmall I^rtion of Time tif and ik will be as the Ve- 
locity in the Portion of Time im ; in, like Manner fq will be at 
the Velocity in the Portion of Time /^, whid^ Portions of Time 
ht\n% taken infinitely fmall* the Vek»city of the Body may be 
fupposM the £ime» during any whde Portion : and con^uently^ 
by the Corollary of the foregoing Theorem, the Space ran over 
m the Time // with the Velocity ef may be reprelented by the 
Rectangle ifi in like Manner the Space run over in the Time 

*fiRry wi& the'CeterJty ik^ may beexpre&'dby the.Redanglewi ; 
and that run over with the Celerity mn in the Time mp^ by 

.the Redangles^; and fo of the reft. Therefore the Space 

: ran over In all thofe Times will be reprcfentedby the Sum of ail 
the R^e&ingles, that is, by th^ Triangle ABC^ for thofe little 
triangular Deficiencies, at the End of each Redangle, would have 

* vani^ed, had the Lines ^/, im, mp^ &c. been^ infinitely ihort, as 
the Times they were foppofed to reprefent. Now as the Space, 
the fiody defcribes in the Time AB^ is rqprefented by the Tri- 
angle ABCy fpr the fame Rfafon the Space pafsM over in the 
Time Ao may be leprefented by the Trsimgle Aor^ but thefe 

> Triangles, being fimilar, are to each other, as the Squares of 
their homologous Sides AB and A9 [to EL 6): that is, the 
Spaces reprefented by the Triangles are to each other, as the 
Squares of the Times reprefented by th^ Sides. ^. £. />• 

* This may alfo be ihewn in the following Manner. Let 
th^ Triangle ABC (Fig. 4.) be divided into lefler ones, as 
in Fig, 5 . each equal to Dhr^ which reprefents the Space de- 
fcribed b^ the falling Body in Db the firft Portion of Time ; 
'tis evident that, in be the fecond Portion of Time, there are 
three fuch Triangles, defcribed, viz. thofe that lie between the 

Linei 
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VI. The Spaces, de^rib'd by falling Bodies 
in dff&rent Times, are as the Squares of the 
iaft acquired Velocities, For by ^.4. the Spa- 
ces arc as the Squares of the Times, and by 
^. 3, the Velocities are as the Times ; there- 
fore the Spaces, ace alfo gs the Squares of the 
Velocities, 

VII. The Space a Body paffes over, from 
the Beginning of its Fall in any determinate 
Time, is half what it would defcribe in the 
lame Time moving uniformly with its kft ac- 
quired Velocity *. 

VIII. Ik like Manner, when Bodies arc 
thrown up perpendicularly, their Velocities 
dccreafe, as the Times they afcend in increafe ; 

' their Gravity deftroying an equal Portion of 
their Velocity every Inftant of their Afcent. 

IX. The Heights Bodies rife to, when 
thrown perpendicularly upVvards, are as the 
Squares of the Times ipent from their firft 
letting out, to the Moment they ceafc to rife. 
That is, if ^ Body is thrown with luch a De- 
gree of Velocity, as to continue rifing twice as 

Lines hr and cs i in cd tbe third Portion of Time, five fuch, 
^^oin. all between ts and Jti hi if the next equal Portion of 
Time, feven foch, fef r. 

^ * For let the Time be AB, {fig. 4.) and the laft Velocity 
f C, the Spce the Body runs over, while it is acquiring that 
Velpcity, is as ABC^ but the Space it would pa{s Over in the 
Time AB^ was i( to move uniformly with the Celerity BC^ ia 
by the ThcMnem (Note p. isj.) a»the Space ABCB, double 
the &rmcr» ^ £. fi. 

D a long. 
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|oDg srs. anpotfier, it fhallufcend ibur Tinier as 
high J if thrice, nine Times, as hi^, ^i\;> 
. TH£5E.^two are the coqyerfc of the third 
mjd.fourtbSediDns^* . 
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0f the lyifcent ^of Bodies vnV oMi^ue 

P'lafieSy and'efPeMtihms'. •- 
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T| TH .EN' a Body delcends on an oU^^jfue 
l\ ..Plane, its Motion j's* continu^Ay 1act^- 
leratedby tee A^ion of tjfravft^, bb^ 
Degree, . thap \vhen. it 'dc^fcbhd^ perpefndiculaT;^ 
ly ; its "-ff ee .Hfefcerit ih . tlxf^lClale %ert}g;' hin-^ 
der^ W 'the 1hi;^rddW6ti-rfF'tW Pjari? t J^toih 


.pelcent of Bodies, Is true .dflupti as 'tau > 
bbliqile Varies, Aii6^nti^''bdDg inkde^Br.'^ 



^ t . I ^4J« 


J-ength f , 

' . -> • ' ill-f J. HE 

'^ See JP^f/^Iiitrcd, aid Phyf. Pirfel, ii. Gf^tfandi L. i, 
Ch.17. 

t D«fft Det .« {fig. 6.) ^rdie:indfrt'a FJaitc, fhe Body 
at-rf, and fh^Aftion pf gravity, wherry *l«l4^vawaitaftll, 
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III.'T«B Space, throxigho which a Body 
falls ^owin the oblique Side of a Plane, is tp- 
that |facough which it would fall perpcndlcu- 
idxly ^ ^^^ ^^™P iTime, as the perpendicular 
Height of the Plane is to its Lcngtji *• 
r Fqh the Space, a3ody falls through in any 
deteopinate Time, whether down an inclinedl 
Plaae^ or not, is as the Effeft of the Gravity 
with which it. if aded upon during that Time j 
but the Gravity^ with which a Body defcerul^ 
down the oblique Side of. a Plane (by the 
laift Propofition) is to that with which it fails 
perpendicularly, as the perpendicular Height 
cf the Plane is to its Length : TbeSpace thefe- 
fbrtj yAM\ a Body falls through obliquely, ft 
to that which it would pafs through pei;pQn- 
dkularly in jthe i&me Time, alio in that^ro«* 
portion. ^ ' 

petpendinilaflj r cpi e fe fatcd t>v tlie Line AB ; let AD be pBO# 
peii8i«uhir to ^AC^ AD will tliea rcpveTent tbe Diredmn ^ 
whkh tile Pluse a£U upoa the Bbdjr (for all Bodies afb in 
Lines {>erpeiidsciilar 'to tlMirSorfaces) let tken thofetwo Forces 
be rtfyAvtd 'intk> one in the Dire£)Mn AC^ (as ikewn in Note.tt) 
$. 4. Cite^. iV.) h^comfliicfttii^tfae Banlklogram SD, ^holk 
Sifigonai wili be ^. . In oid^ to das BG mafl: be iet:£iU 
]«|]^k£di)8ulady upon jfC (that it niay' be i parallel tothe oppo^ 
fite Side of the Parallelogram AD) confeqoently (8 £iifM,6i^ 
UGh\o )AB -u AB to AC, diaf is, the Tesideney. Df the 
Bojfy down thePfame is to its perpeiklieidar Tendency, asAB 
is to AC. Q^E.'D. 

* From thisTropo£ti<>n itfollowB, tfast£ippe6sig£<;^€;^.6ij 
fei^pcndkalar to ^C) the lody would > All finm i^ to G^ ift 
dieiatneTime another would ikll fmn tbenoe to^; for, ja 
Ififtf oMpnttd {Itee4ie]aft) AGkto^JiB, ^z^JB to AC. . . 

IV, Thb 
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IV. The Velocity, a Bocjy acquires by ^* 
ling perpendicularly, is to that, which it ac- 
quires by falling obUquely m the fame Time, 
as the Space of its perpendicular Defccnt ii to 
that of Its oblique one *.- 

V. The Time, in which a Body defcends 
tbrough the oblique Side of a Plane, is t6 that 
in which it ^Us through the r perpendicular 
Height, of .the lame, as the Length of the 
oblique Side is to its Height f. 

VI. A Body acquires the fame Velocity m, 
feDing down the oblique Side of a Plane, as 

* Since by the Note to Seflion the lafl, a Body fallft to G, 
\Jig. 6.) in the faine Time another falls to £, and by (Chap. 
V. §. 7.) th« Space^ a falling Body pafles over in any Time, 
is half that which it woi:^ld run over in the fame Time mt>vin|{ 
Mttiforiill^ with its lall ac<}UirM Velocity, it follows that the Bo- 
dy falling down the oblique Plane would pafs over double the 
Space ^6, moving uniformly with its laft acquired Velocity, ia 
a Portion of Time equal to that in which it wasacquirM ; Jike- 
wMe double the Space AB would be paffed over by the other Bo« 
dy, moving anifermly with its laft acquirM Velocity, in aPor« 
cion of Time equal to that in which it wa$> acquirM ; bat £nce 
the Velocities of Bodies moving unifstmly are as the Spajpet 
they run over in e^ual Times, the Velocities of the Bodies in 
G and.B are to each other as doable rhe I^ines ^G and j^^^ 
that is^ as the lines themfelves, which by $. 3. are as the^ 
Spaces run through* in the fame Time, from whence the Propn- 
mon is clear. ( . 

t + Dem. The Square of the. Time in which AC (F%'.v64 
it roB over, is to the Sqoare of the Time in which AG is 
nm over as AC to AG^ (by, Chap. V. 5.4) that is, fince^C, 
\dBy AG are continually proportional \% Elem, 6.) as the Sqoare 
9f u^C to ^e Square of AB (by Def. 16. E/em, 5.) therefcore 
the Times themfelves are as the Lines AC and aB, that isp 
as the oblique Side of the Plane to the perpendicular Height. 

r it 
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it would do, if it feU freely through^the per- 
pefidicular Height oif it *. 

VII. A Body takes up the fime Time iti 
£dliDg through the Chord of a Circle, whether 
it be long or- ihort, as it does in falling per* 
pendicularly through the Diameter of the ^me 
Circle +. 

VIIL Upon this is founded the Theory of 
Pendulums: For from hence it fellows, that 
iiippofing a Pendulum could be made to yibrate 
in a Chord of a Circle, inftead of an Arch^ all 
its Vibrations would require the lame Time, 
whether they were large or fmall jj. 

IX, Pkom hence we fee the Reafon, why 
the fhorter Arches a Pendulum defcribes, the 

* Dim. The Square of the Velocity whicha Body acquires bf 
fiillmg to G» is to the Square of the Velocity it acquires by £il* 
ling to Cy as the Space JG to the Space JC [by Chap. V. 
\. 4.) that is (by S. EUm, 6. and Def, lo. Elem. 5.) as Mq tQ 
JBq i confequently the Velocity itfelf at G is to the Velocity 
itfdf at C, as JG to AB: But fince AG is run over in the iame 
Time AB is (fee Note to $. 3.) the Velocity in G is aifo to tha 
Velocity in ^« as AG^ to AB^ (by {• 4.) and confequently finoe 
the Velocities both in C and B bear the fame Prop^on to 
that in G« they mud be equal to each other. ^ £. D. 

-f^ Dim. It was demonftrated ((. 3.) that a Body will fiitl 
from A to G, (Fig,' 7.) on the inchu*d Plane AC^ in the 
fame Time aqother would fall freely te B^ provided AGB is a 
right Angle, in which Cafe AG (by 31. Ekm. 3*) 'is a Chord of 
that Circle of which AB is the Diameter ; therefore a Body fails 
through the Chord, t^c. Q: E. D. . 

g This may be illullrated by conceiving the lad Figure in- 
verted (as in fig. 8.) where fappoiing the Ball fufpended in 
fuch a Manner^ as to (wine in the right Line GA inftt^d of 
the Arch GA^ it would always fall through it in the fame 
Time, however long or (hort it was, for the Inciination of 
the Line GA to the fa^rizonul Line BC^ is not altered by invert* 
ing the Figure. 

nearer 
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nearer itsVibrations com^ to an Equality^ f^ 
Imall Arches dijHer kfs from their Chords thajk 
large ones. But if the Pendulum is made to 
vibrate in a Curve, .which Matherftaticiaas call 
a Q'c/[^/i/; each Swing will then be perfornvM 
in the lame Time, whether the FehduIUtil 
moves through a larger or lefler Space. Fot 
the Nature of this Curve is fuch, that the Ten- 
dency of a Pendulum towards the loweft P<ArA 
of it, is always in Proportion to its Diftance 
from thence ; and confcqwently let that Diftance 
be more or lefs, it will always be run oyer by 
the Pendulum in the lame Time *. 

X. The Time of theDefcent and Allent 
of a Pendulum, luppofing it to vibrate in tfee 
Chord of a Circle, is equal to the Time in 

which 

* Tic.Seibripti^p.ofaQf^iV,' 

Upon the right Line J£, (Fig. 9.) let .the Circle ,CDE |je 
lb plac'd, as to touch the Line in the Pjoint C, then let this .Circle 
roll along upon it from C to iif, as a Wheel upQn tlie Qroiinfi, 
then will the Point C m one Kevolution of the Circle icdcinbc 
the Carve CKH, which is called, a Cycloid. Npw fuppofe two 
Plates of Metal bent into the form HK and KC, and pbced in 
the Situation Z/i and i^C, in Atch^ Manner, that the^l^oints H 
and C may be applyM to L, and the Points anfvyerin|; to Ji 
be apply'd to H and C. This done, if a Penduli^m as LP, 
'in Length equal to LH^ be made to vibrate between the Plates 
or Cheeks of the Cycloid LC and LH, it will fwin^ in the 
Xine CKHi and the Time of.-e^ch Vibration, whe^er the Pen- 
dulum fwings through a fmall or a great Part of the Cycloid^ 
•will be to the Time a Body takes up in fallii\g perpendictdarly 
.through a Space equal to i^,.(half the Length of the Pendu- 
lum;) as the Circumference of a Circle to its^Diametery and 

'CEAfiequently it will always be the fame 
~' * They 
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which a Body ialling freely Would cJefbend 
through eight Times the Length of the Pen* 
ddum. 

For the Time of the Defcerlt alofie lipoA 
thfe Chord is equal to that in which a Body 
v^caM fall through the Diafnetcr of the Cir- 
cle (by J. }^;) ; that is, twice the Length of 
the Peridulum' : But in twice that Time (vld, 
during i whole Vibration) the Body would 
fall foui^ Times as far (Chap. V. ^.4.), that is, 
fhroogh eight Times the Length of the Pen*, 
dulum. 

XL The Times^ that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 
ta the feuare Roots of their Lengths * 

,Xll. Th:6 Center oWfcillation is a Point in 
which, if the whole Gravity of a Pendulum 
was coDcded, the Time of its Vibration would 
not be alter'd thereby f j this is the Point from 

whence 

. See the Defcriptioft otzCycUU in At ibregoiflg Page, demoa* 
firated in the Appendix. 

* Dem. Let there be two Pendttlums J and B (Fig' lO. and 
11.) of difimnt Lengths, the Time the firft vibrates in (Cup^Mit 
throagh a Chard) is equal to the Time in which a Body 
would ^11 freely throagh DJ, the Diameter of the Circle (as 
demonHrated (. 7.) > in ^^^^ Manner the Time B vibrates in i» 
that in which a Body would Ml through FB. Now the Times 
in whiqh Bodies fall through different Spaces ace as the fquarq 
Roots of thofe Spaces^ that is, of DJ and FB, or of their 
Halves CA and CB, i\ e. of the Lengths of the Pendalams« 

t The Rale for finding the Center of Ofcillatlon. 

£ If 
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whence the Length of a Pendulum i^ mca- 
fur^d, which in our Latitude, in a Pendulum 
that fwings Seconds, is thirty nine Inches and 
two Tenths. 

XIIL The Squares of the Times in which 
Pendulums, aded upon by different Degrees 
of Gravity, perform their Vibrations in, arc 
to each other, inverfly as the Gravities *. 

From whence it follows, that a Pendulum 
will vibrate flower when nearer the Equator, 
than the lame when nearer the Poles j for 

the 

If the Ball AB (fir. 12) be hang by the String CA whofe 
Weight 18 inconfiderab^, the Center of Ofcillation is found thus ; 
fappofe E the Center of the Globe, take the Line JSTof fuch a 
Length, that it fliall bear the fame Proportion to ED as* ED 
to EC, then EH beine made eqaal to 7 of K^ the Point H ihall 
be the Center of OfciTlation. 

If the Weight of the Rod CD be too confiderable to be neg- 
Ie£led divide CD fFig, 13.) in /, fo that Z>7may be equal to 
\ of CD, and maxe a Line as G, in the fame Proportion to CI, 
that the Weight of the Rod bears to that of the Globe, then 
having found H the Center of Ofcillation of the Globe, as be- 
fore, divide IH in Z, fo that IL may bear the fame Proportion 
to LHy as. the Line CH bears to the Line Gy then will L be 
the Center of Ofcillation of the whole Pendulum. See the Me- 
thod of finding a general Rule for determining the Center of 
Ofcillation In all Cafes whatever, in the Appendix. 

* Dem» The Spaces, falling Bodies defcend through, are as 
the Squares of the Times, when the Gravity by which they 
are impeird is given (Chap* Y, {. 4) ; and as the Gravity 
when the Time is given (for the Sum of the Velocities product 
in any Time will always be as the generating Forces :) Confe* 
quently when neither is given, they are in a Ratio compound- 
ed of both ; the Squares of the Times are therefore inverfly as 
the Gravities. ' [For if in 3 Quantities a b, c ; a // «/ b c, 

a ' 1 

then b: -, i. c. if Si is given, as ^ or as c inverjl^*\ But if 

the 
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the Gravity of all Bodies is lels, the nearer 
they are to the Equator ; viz. on account of 
the Ipheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explained 
herofifter* To which wc may add the Increafe 
of the Length of the Pendulum occafion'd by 
the Heat in thofe Parts; (for we find by Ex- 

gnriment, that Bodies are inlargcd in every 
imenfion in Proportion to the Degree of 
Heat that is given them;) for which Rcafon 
(j)'. II.) the Vibrations of the Pendulum will 
tllb be flower* 

CHAP. VIL 
Of ProjeBiles. 

A BODY, projefted in a Diredion pa- 
rallel or oblique to the Horizon, would 
proceed on in infinitum in a right Line (by 
thefirftLaw of Nature) ; but being continually 
accelerated towards the Earth by its Gravity, it 
will ddcribe a Curve called a Tarabola *. 

the Sqaares of the Times, in which Bodies fall through given 
Spaces, are inverily as the Gravities by which they are adied 
Dpon ; then the Squares of the Times, in which Pendulums of 
equal Lengths peitorm their Vibrations, will be alfo in the 
fame Ratio, on account of the confiant Equality between the 
Time of the Vibration of a Pendulam, and of the Defcent 
of a Body through eight Times its Length ($. 12.) 

* Dem> Let us fuppofe the Body thrown from A in the 
Dire^on AB horizontally (Fig. 14.) or obliquely (Fig. i^.J. it 
would (if not itttraded U)wards the Earth} move uniformly 

£ 2 from 
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from J towards J3, that i^, in equ^ Times it wouI4 defcfibe ^« 
qual Parts of the Line JS, as >^, CD, DE, kc, bvU, if in 
tb« ird Portipn of Time, wbik it woul4 ipq^^ ^om J tQ 
C, it would have defcendcd frpxt\ J to G by its Gravity, had it 
only been let drop from thence; it will by a Compoiltion 
of thefe two Motions (Cbap. IV. {. 2.) at die Epd of that 
Time be found in B, the opppfite j^nf^c of the Parallelo*> 

fram ACGH. Then in twice that Time, viz- while it would 
. ave moved over two equal Portions, or fro99 ^ to 1>, it 
would fall downward9 to M^ four Times as far ad before (Chap, 
y. {•4*) and will therefore be found in I, fuppofing Df 
equal and parallel to JM. Then again in three Portions of 
Time, or while it would have moved over three Divifioos, 
that is from A to E, it would have ^llen dowpwa^ds nine 
Times as far as in the firft Portion of Time, and therefore be- 
ing carried by thefe two Motions will at the End of that 
Time be found in K, fuppoilng EK, or its equal AN, nioQ 
Times as long as JG or CH, &c. Therefore the Lines CH, 
Dl, EK, Sec. which are to each other as the Numbers 1,4, 
9, &c. are as the Squares of the Lines JC, AD, AE ; (thefe 
$eing only as the Numbers i, 2, 3.} But this is the Pro- 
perty of the Parabolic Curve. (See De VHofpital B. I. Prop, i . 
Coroh 2. and Prop. 3. Coro). ij Confequcntly the Curve 
AHJKj &c, which the Body moves in, whether thrown hori- 
zontally or obliquely, is a Parabola, j^ £. Z). 

Lemma i.* The Quotient which arifes from the Divifioif of 
the Square of the Line AC by the Line AG^ m%* the Quantity 

-^Jry (i^ either of tjie Parabolic Curve?, Eig, 1,4. qr 15) or 

ADq 

|he Square af the Line 4J!> divided by AMt <m% -^^ o^ 

the Sqparc of ^^ divided by AX!,, viz. £^ is eqwl to th^ 

AN 

l^arameHr of the Point A foi' GBq is equal tp AG multiplied 
by the Parameter (De VHofpital Con. S^. B. t. Prop, i & j) 
therefore the Parameter is equal to GHq divided by AQ9 that is,» 

■^. The fame is d?monftrabie of AD divided by AMt &c. 
AG 

and confequently any of thefe Quantities may be indiflfercnUjF 
put to exprefs the Parameter of the fame Point. 

l^mnm 2. The Velocity a Body would acquire by felling 
from an freight equal to the fourth Part of the Parameter of 
^he Point A^ is to the Velocity ic woul4 fta][uii«; fey feUing 
\iWk 4V?.N,^ '^^/^ ^P ^wi^e AN^ Pm-. 
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P<M|. Since w^ ate comparing the Velocity^ which a Bpd]r 
wcKild acqaire by felling through a fourth rart of the Parame- 

ter^ with that which it would acquire by falling to N, let -r-j:^ 

be made choice of to denote the Parameter. Then^-r-^will ex- 

JN 

prefs ^ fourth Part of the Parameter. Now becauie the Ve* 

l(»citjes, acquir'd by felling Bodies^ are as the fquare Roots of 

t^e Spaces t|iey fell through (Chap. V. §. 6) the Velocity, ac* 

quirM by a Tiody in defipendiog through^-^^*is tp that Velo^ 

c^ty, which it )vou)d acquire by feiliog through JN, as the 

fquare Root of ^-tt? to the fquare Root of JN; that is, ex- 

tra£Ung the Rpots ©f thofe Quantities ^s yj^j^^V 4^9 

and, multiplying each Term by y^ ^^ M as f AE to AN, or as 
AE to twice AN, Q^ E. D. 

Frop. The Velocity a Body ought to be proje6led wiAf to 
make it defcribe a given Parabola, is fuch as it would acquire 
t^y felling through a Space equal to the £3urth Part of tho 
l^ameter belonemg to that Point of the Parabola, ^m wheooe 
it is intended to pe projected. 

Bm. The Velocity with which a Body mnft be projeAed 
from A towards -jB, to make it defaibe Uie given Parabola 
AMiK, mnft be fuch, as would carry it to C by 9|a unifpTia 
l^otion, in the feme Time that it wQuld defend by its Gci- 
vity from A to G\ and to E in the Time it would fall to 
N, 8cQ, as was before obferved* Now the Velocity, with which 
the Line AE is defcribed with an uniform Motion, is to thaH 
which is acquired by the Body in falling to N in the fame 
Time, as AE is to twice AN ; faiipc^u^ (Chap. V. J. 7.) its Velo- 
city in ^ would have carried it over twice AN in that Time, 
l«d it aifo been unifi^un. B9t by Lmt^ 2. the Velocity a 
]pody woi^ld acquire, by jelling through a ^p^ equal to a fourth 
P^t of the Parameter pf the Point u^^ is to that which it 
would a(:quire by felljn^ from A to it, alfp as AE to twice. 
4N, Since ther^fpre the Velocity, with which the Line AE, 
i$ defcribed (or, which is the .fame Thing* that whereby the 
!69dy is proje&^dj and that which' a Body would acquire by 
W^Z tlMTOflgh ^ .^^th Part pf tjie ?a|an^etcr ^f ^e Point 

A 


38 ProjeSiiks. Parti.' 

At bear one and the fame Proportion to that Velocity which , 
a Body would acquire by falling from A<q N, they muft be 
equal. ^E, D. 

Carol. This affords us an eafy Method of finding what Di« 
leftion it is necefikry to throw a BMl in with a given Ve- 
locity, in order to (Irike an Obje£l in a given Situation, v. g. 
Let it be requirM to ftrike an Obje^ as K^ with a Ball thrown 
from A with a given Velocity. Here it is only neceflkry (o 
make the Triangle ANK ^fuppofe a right Line drawn from 

NKq AE^ 

A to K) fach that --J*. or which is the fame Thing — ■£ in 

the Triangle AEIL, may be equal to four Times the Space « 
Body maft fall through, to acquire fuch a Degree of Velocity aa 
that with which it is intended to be thrown, and then AE will 
be the Dired^ion fought. In order to this we muft lay dowa 
the following Lemma. 

Lemma. Let there be a Circle as ABC (Fig. i6) AK9i Tangent, 
in the Point A, AB and KI parallel to each other, and let 

the other Lines be drawn, as in the Figure, I fay -^== -^ B. 

For the Angle ABE is equal to the Angle EAK (32. Elem. 3.) 
aiK] the Angle BAE is equal to the Angle AEK as alternate, 
therefore the Triangles ABE and AEK are fimilar ; confe- 
quently AB is to AE, as AE to EK, and multiplying the 
extreme Terms together, and middle Terms together, AB X 
EKzuAEq and dividing botli Sides of the Equation by BK,, 

ABzssd^. Q^E, O. By the fame Method of arguing; 
jj^ may be proved equal to AB. 

The P R o B l« E M. 

Let it be requirM to ftrike an Objedl in a given Situation as JT 
(Fig. I7«} with a Ball proje6^edfrom ^ with a given Velocity. 

Solution. Evedi AB perpendicular to the Horizon,. and e- 
qual to four Times the Heieht a Body maft fall from, to ac- 
quire the Velocity with which the Ball is to be thrown ; bif- 
fedt this in the Point G, through which draw HC perpendi- 
cular 40 AB, and meeting the Line AC (perpendicular to 
J^K) in C. On C as a Center with the Radius CA, defcribe 
the Circle ABP ; lafUy, through /ST draw th^ Line KEI per- 
pendicular 
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II, Th £ greatefl hori2c»ital Dlftance, to 
which a Body can be thrown with a given Ve- 
locity, is at the Elevation of 45 Degrees*. 

III. If two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty five De- 
grees as the other below, the horizontal Di« 
fiances (or JRandoms) where they both fall, 
will be the &me f . 

IV. The 

pendicular to the Horizon, cattine the Circle in the Points £ and 
/; I fay AE or Al will be the DirefUon fought. 

For by the Lemma, AB zr: -g^or ^, but {tx confiruQU-. 

ni) AB is equal to four Times the Height a Body maft fidl 
from, to acquire the Vdocicy with which it is to be thrown* 

therefore its Equal Tjdt or-j^ is the fame^ which by the Co- 
rollary was the Tiling requirM to determine the DiredUon 
fought ; confequently the Parabola, which the Body will de- 
icribe, will pafs through the Point ^. (^ £. D. 

Coroll. I. From hence it is evident, that if theObjedl to 
be ftruck be placed any where In the horizontal Line AO 
{JFig. 18.) beyond ^ the Problem is impoffible ; for then ^H 
will not touch the Qrcle; and the Ball will not reach that 
Point with any DireAion whatever. 

*And that when the Ball is direded towards H, it will 
fidl on ^ the greateft Diftance it can poflibly be thrown to ; 
but the Angle \A H being eqi^al to A B H \n the oppofite 
Segment (32. Elem. 3.) is equal to hsXf AGH at the Center 
(20 Eiem. 3.) which b a right one ; confequently ^H is an 
Angle of 45 Degrees. 

\CorolI. 2. Ifthe Obje6l is fltuated in the horizontal Line 
AO (Pig, 19 ) but jiear/er to A, than the greatefl' horizontal 
Diflance at which it may be ftruck, fuppofe in K ; the two 
Piredlions AE and AI, with which it may be hit* are equally 

dilla 
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IV. Tttii HeJght a Body wfllrlfd to,itheii 
thrown pefpefwUcuIarly u'^watdfi, Is eqtKrI t6 
half the greateft horizontal l)rftancc it caft bfe 
flirown to, \i''ith the fame Velocity*. 

FHOM hence we may eafily know how ht 
B Mortar-Pkce, ot other fcich Machine, WiH 
Carty a Ball. Let the Ball be fhot perpehdJ* 
cohniy upwards, note the Time of iti Afcehf 
and Defccnt, half that is thd Time of Defcent, 
fiota whence we learn the Height from which 
it Mis (for Bodies are obferv'd to fall in the 
firft Second of Time fixteen Feet, confegucnt- 
ly in two Seconds they fall four Times fixteen 
Feet (Chap" V, J. 4.) in three, nine Times as 
much, ^c. but the perpendicular Height frotn 
whence it falls is the fame with that to which 
it alcended, confcquently (J. 4.) the double of 
this is equal to the greateft horizontal Diftance 
to which that Mathiiie will carry the Ball with 
an equal Charge. 

diHant from the PirefHon^ AH ; for the Angles tAjl and 
HAE are equal, as inMiiig on equal Arches IH and UZ^ 
(z%, EUm. 3.) 

* CorolL 5. The Altitude of a perpendicular Projeftion ia 
equal to a fourth Part ^ the Height AB ; for the Velocity^ 
with which the Body is projeded. is (ex iypotb.) fuch as 
it would acquire by falling through a fourth Part of the Line 
AfB f but a fourth Part of the Line AB is equal to half tlid 
Lbe GH^ or A^(Fig, i8.) that is, half the greateft hori- 
2ontal Diftance to which the Body can be thrown. 

See Cotts*s Harmonia Menfurarunii p. Sj, KeiPs Introdu^ 
ad Phyf. Prscl. i6, 

V.The 
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% f HE R'aha6ittiJ df tfwo PH)jt^!esi hav* 
ih^ thd famii Degrees of EleVatlbft, but throvvil 
wilrti different Velofcifi^j afre is't^e Sntiat'es of 
the Velocities : tdrV^ tHe laff, tHe Kandbms 
afi ^(^ual to double the Heights" to which the 
Jibaifes thrbWti ^f^ftdikJuUiriy i^vfrartjs will 
^chd, but tfieHdghts' are CChaJp. V. f.S.y 
astlie Squires of the V"elb6itlc!s^ therefore thcT 
RaUdbMs' at<g & too. 

Vt SuP^bsiNQ thb Mbtibti of the Eatth; 
n^'fibdies; wheh tliirown perjfendiculatly up* 
ihtAii dSiftfib^ TdrahMs ;■ notwItWtandirtg 
fliey appear both to afcfend- attd^defcciid in th.6 
feriife right? Line'. 

Ti^i' rijay v^ry eajTily bcilluffhted in th<* 
fo»owii%: MatmferY let there be' ?' Body car- 
j, riitf uAiihttiy albh^ thcf Line AB (% aoj 
* by the-Motiott' of the Eaitli' ftoth A towardi 
B ; as it pafTes the Point G let it be projeded 
upward*,, by ibme Force ading uodcimeath it 
in the EMrd^ibri CO 'perpe'nd;icular" tb the fbr- 
itjer ; ttie Body wilt nbt thereby Iblc its Mo- 
tion, which it hadiri coninibo with the Earth, 
towards B (by the firff Law" of Nature) but 
will be carried by two Motions, one towards 
B, the other towards O ; let tfs then fuppofe, 
that in the Time it would have advanced for- 
Wards to P in the Line AB, it rifes upwards to 
M in the Line CO ; it will then be found 
in I)' (Chap. IV, §. i.) In like Mattner, iup- 
• pofing it would have advanced forward to Q^ 

F while 
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while it riles to N, it would then be foun^ in 
E, afterwards in F, then in G, ^c. deicribing 
the Curve CGL which (from what was de- 
monftrated under J. i .) is a Parabola*. 

^HE Reafon, why it appears to a Spedator 
to rile and fall perpendicularly, is becaule he is 
carried uniformly along with it by the Motion, 
of the Earth in the Diredion AB. v. g. Sup- 
pofe the Spedator at C at the Inftant the Body 
is- thrown from thence, when it arrives at D, he 
will be moved toP, ,when the Body is at E he 
will be at Q^ C^c. as is evident from what was 
obferved about the Motion of the Body in the 
Curve; and they will both meet in L. There- 
fore fince the Spedator imagines himfelf ftand- 
iijg ftiU, and lees the Body always perpendicu- 
larly over his Head, he muft of Courfc think, 
that it riles right up, and lalls right down. 

It may be proper to obferve here, that Ex- 
periments, relating to the Motion of projeded 
Bodies, do not exadly anfwer the Theory, 
the Refiftance of the Air deftroying Part of 
their Motion ; for which a fmall Allowance is 
to be made. , 

* Dtm, Suppofe the Motion the Body had in common with 
the Earth towards B (Fig, i\,) and that wi^ which it is 
proje6led towards O, fuch, as being compounded (Chap. IV. §. 2.) 
would have produced a Motion in the Difcfition CX ; it will 
follow from tbencfi that the Path.defcribed by it will be th^ 
fame, as if it had been thrown in that Diredtion from a Pbint 
as C at reft r but in that Cafe it would have defcribed a Pa- 
rabola as CGL ($^.1.) therfiforealib in this.* ^E.D, 
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CHAP. VIIL 
Of Centripetal and Centrifugal Forces. 

WH E N a Body is projcded in an ho- 
rizontal Direftion, and by its Gravity- 
made to deicribe a Parabola, as demonftrated 
Chapter the laft ; the Curvature of that Para- 
bola wiJl vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For 
the lels its Gravity is in Proportion f o the 
Quantity of Matter it contains, or the greater 
the Velocity is with which it is projeded j the 
Icfi it will deviate from a ftraight Line, and 
the further it will go, before it feDs to the 
Earth. For Infiance, if a Bullet be fiiot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Dire- 
dion, and goes in a Curve Line, luppofe to 
the diftance of two Miles from the Foot of the 
Mountain before it fells to the Ground'; 
the lame Bullet, fliot with a much greater Ve- 
locity, would fly to a much greater Diftance 
before its Fall. And by encreafing the Velo- 
city, the Diftance to which it is projcded may 
be encreafed as much as you pleafe-; {o that 
it will not fall to the Ground, till it is arrived 
at the Diftance of ten, or thirty, or ninety 

F % Degrees; 
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Degrees ; or till it has even furrounded the 
whole Earth, and arrives at the very Top of 
the Mountain from whence it was prdeded : 
In this Caie it will perform a fecond Kevolu* 
^on, aad io on in tM^aitum without a ixevir 
Projcdion, provided the Refifiance of the Air 
i taken ^wi^y . 3^^y it.n^ay Ije ^rajqAe^ Tp^Mi 
^ijch yiol(:nce, that it will c^otinnaUy ceoode 
^rom , the E^rth, oioying jin a (Cur.vq, tUl at 
iength it gq^ out of the ^i^herc of ijhe £ar^'^ 
^ttr^on ;• after >yhiqh ' it wi)l go ;Qq ^n fi 
^raight ^e .v^ithputeyjeif retupiing. )V^ich 
tlmsfociiluiftratied. 

•M the Top of i^p ^oi^nitain fic^ wheoos 
the J^ody ^ proje%4 in the j^i^WP MQj 
It piay be fihrowa v\^t^ j^h tf^jrce .?? r|:o carRy 
it jto B More it fail;!, c^ tq jQ, <iwr ^vicp l;o go 
jTOiiijd to A^, dejlailjing ik^ Circle MIj>^^ 
qr l^ly, it n?ay te ^^ to de^r^ t^e,Qiry? 
.KO, jt^aiftgets ,<^ «^tl^;%ifee;e f4ti^ P^rtb> 
iVttra^-ipn, fupppf^-at.P, going on afterward? 
in th? ihfini^ ^fiaight Lipe QX, |i;wre being 
iqpthijTg tp#op or gjte?: its |Co*;ixle. F^tiyqr 
it ;P9y be fKoj^#^;iW^h 4uc|i a Fqr-ec ftonj 

M (-f<?* ?3«) as>y^ paijfe it cqotip^aUy Jto 
Xdjc^de ffoa^ .the f^r;:^, ;tig it arrivjep 9f.^p 
eppofite Poipt Q, ^eifcribiqg th^ ^ji^ye MRQ > 
.^nd i( the Poiflf G is wj^hjn the Sphere of 
the Earth's Ajttraction, tiie ^dy will rcjtpim 
to M, defcrib^ng thp (i^urv? GtM exactly ^r 
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milar to l^^G.; and in tRovjqg nc^jcr and 
nearer ^tp the l^rth, till it fot^e^ jto M,, wHl 
regain vv^at Velocity Xt loft in ggii^g ^om I^ 
f o G, ^i;s Gravity confoiring wurh its Mptioa 
frpr^i G to M .in the l^e jDegrce in whiqh it 
^j?9^i^ it fepip ^I *o Q J confqqqen^ly th^ 
35ody wJien at M, hatvinj^ /^covered .t|ie ydo- 
city with which it <et o^it, wilj be enabled to 
perform a;(econd Rcyolutipn in ^he iamp Curve 
4S befc(j;e; and ib on. 

AjGAiN/fapppfe it had bcp.n prmede^ iroqi 
the roint M, with a left Dqgr^ee oi J^'prcc thaa 
would Jbav^e .garried it rpuqd in the Circle 
MDM (Pig. ao.) but greater th^o w.Quld haye 
^fi^red it to have &ilqn to the Earth at the 
oppoj(ite Point F {F^. n^.) it woujd mo in 
this Cafe havC;arriyep ?t the Pokit of M froqi 
wHqncc ;t fet out j for the Excels of Velocity 
It would have gained in ]F, by its Tendency 
jtowards the Earth m its W^ thither, over an^ 
above th^t, with which it w^s jpcdcifted firooi 
^^ woifld he fufficient to carry ^t off* ^ain 
from the Earth, till '\t arrived at M ; jaqd tp 
make it defcrilxj the Path FPM.«a4ly fimi- 
'^r and jequal %o the former, lojfjng in its Way 
frcKn F to M juft fo much Velocity , as it gain^ 
cd by ^fling :^pm M to F ; and thereby it 
would be inabled to perform an infinite Num- 
ber of Revolutions in the iame Curvc> withr 
pi)t re^^ing .a fecond Fiojeftion. 

Fkom 
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From hence it follows, that fuppofing a 
iBody projcfted from a Point at any Diftancc 
'within the Sphere of the Earth's Attraftion, 
"with a Force fufficient to carry it half round 
without falling to the Surface, it is impoffible 
It (hould fall upon any Part oi the other half; 
tut will return to the Point from whence it 
Tet out, making continual fucceffive Revolu- 
tions in the fame Curve; provided ii meets 
with no Refiftance from the Medium through 
Avhich it pafles, nor any other Obftaclc to ob- 
feud its Motion *. 

From hence alfb it is clcar^ that, the near- 
^er the revolving Body approaches to theEaith^ 
the fafter it moves; its Velocity being conti- 
'iiually increafed during the Time of its Accefs 
towards the Earth, and as nauch retarded du- 
ring its Recefs from it. And this Accelera- 
tion and Retardation will always be fuch, that 
the Body will defcribe equal Areas in equal 
Times : The meaning of -which is, that if we 
imagine a Line cbnftantly extended fron; the 
'Center of the Earth to the Center of the 
'Body,' that Line ^v;ill always delcrribe or pafs 
through equal Surfaces or Spaces in equal 

:i ♦ Gravity is' here fuppofcd to be invcrfly as theSqoaivs' of 
.th«;I)iftances 'froin^tbe: JEarth, for 'ds.poflible ths^ the Force, 
by whic}^ a Body tends towards another, may vary in fuch a 
"Manner at different Diftances, that the projeded Body Ihall 
defcribe a fpiral Line^ continually apptpaohing to, Qr receding 
from that about which it revolves. 

Times, 
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Times, for it conftantly becomes ihorter the 
fafter it moves, and vice versa *. 

And for the lame Rcalbn that a Body, pro- 
jefted with a fufficient Velocity, may by the 
rorce of Gravity be made to defcribe a Curve 
round the Earth, and perform continual fiic- 
ceffive Revolutions therein ; it follows, that 
the Moon m^y by the lame Force of Gravi- 

♦ Dem, Let the Time m which the Body performs one Re- 
▼olution be divided into equal Parts, in the firft of which let 
the Body defcribe the right Line jiB (Fig. 2J^) in the fecond 
Part of Time, if not prevented, it would go (Ir^ght on to r» 
defcribing the Line B c equal to AB by the firft' Law of Na- 
ture ; the Lines ^J^ SB, Sc being drawn, the Triangles SB J, 
ScB^'mli be equal to each other, their Bafes JB and Be be- 
ing 0qua), and their Heights S the fame (38. Elem. i.) When 
the Body arrives at B, 'let the centripetal Force by one iingle 
Impulfe turn it out of the ftraight Line B< into the Line BCi 
in which let it move on uniformly without receiving a iecond 
Impulfe till it comes to C. Let Cr be drawn parallel to S B 
meeting BC in C; then at the .End of the iecond Part of Time, 
the Body will be found in C, having defcribed the Diagonal 
of the Parallelogram Nc (Chap. IV. $.2.) braw 5C, and the 
Triangle SCB will be equal to the Triangle ScB, each hav- 
ing the fame Bafe ^ B and being betweea the fame Parallels 
C e and SB) and therefore alfo equal to the Triangle SBJ» • 
For the fame Reifon, if the centripetal Force a£l^ in the Points 
C, D, E fucceffively, fo as to make the Body defcribe the' 
ftraight Lines CDy DE, EF^ &c. in fo many equal Parts of 
Time, the Triangle^ SCD, SDE, SEF, Sec will be all equal 
to one another and to the Triangle SAB. Confequently equal 
Areas are defcribed in equal Times. Let us then /uppofe the 
fiafes of thofe Triangles, *viz. AB, BC. CD, DE, &c. d!- 
miniihed in infinitum, and likewife the Times in which they 
are defcribed ; then will the Perimeter A, B, C, D, £, F, 
&c become a Curve, and any Number of thofe Triangles taken 
together for their Areas) will be proportionable to the Times 
in which they are defcribed. ^ E. D. 

ty 
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ty be rtiade fo YeVcilW a1x)(it the Eiith 6/atoy. 
other Planet by the like l^drce, about the 
Stin ; if^ the Velocities with vv-^hich they itibvc 
arc duly adjuftM' t6 the f Otces; by Whifch'th^y^ 
are afttd upoti. 

WriEN- i Body ifeVtolVei* tfb6ut another in 
this Manner, thaf Foitd Or Po Wer tv which ii 
is prevented from' flying of? (as ir other wife 
would do in a Tangent to the Curve which it 
defcrites) is c^Xli! A ^q Centripetal :^ theCoun- 
Cer-aftion of this, by which it endeavours to 
fiy off, the Ceritrifugal ; theie, by the third 
taw of Nature being equal to each other,' 
are called by ofic conimbil Name, CefArcd 
Forces j that with which the Body is at firft' 
projeded, or continues its Motion from any 
Point, is the TrfyjeBik Forte ; and the Time 
in which it performs one Revolution, the Te^ 
fiddkai Time. 

These Forces, prbperly relating tx> the liio^ 
tions*of the Heavenly Bodies, will be itiofc 
largely treated of in another ]^lax:e. 

CHAP I^. 

Of th CommumcaiioH of Motion\ . 

li T3EFORE we proceed to exjilain the: 
}[jlf Laws, by which Bodies communicate ; 
thcirMotion from one to another, it' is very 
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ncceffary to make a Diftinftion between Mo- 
tion and Velocity ; which ought to be well ob- 
lery'd, and is as follows* , 

By the Motion of a Body (Ibmctimes called 
its Quantity of Motion, fbmetimes its Momen^ 
turn) is not to be underftood the Velocity only, . 
with which the Body moves j but the Sum of 
the Motion of all its Parts taken together : 
Confcquently the more Matter any Body con* 
tains, the greater will be its Motion, though 
its Velocity remains the fame. Thus, luppofing 
two Bodies, one containing ten Times the Quan- 
tity of Matter the other does, moving with 
equal Velocity ; the greater Body is faid to 
have ten Times the Motion, or Momentum, 
that the other has : For 'tis evident, that a 
tenth Part of the larger has as much, as the 
other whole Body. In fliort, that Quality in 
moving Bodies, which Philofophers undcrftand 
by the Term Momentum or Motion^ is no 
other than what is vulgarly called their Forcey 
which every one knows to depend on their 
Quantity of Matter, as well as their Velocity. 
This is that Power, a moving Body has to affeft 
another in all Actions that ariie from its Mo-* 
tion, and is therefore a fundamental Principle 
in Mechanics. ' - 

II. Now, fince this Momentum, or Force, 
depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it moves ; the Method, to determine how 

G great 
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gcit it is, is \o multiply one hj the othir. 
Tims, fuppole two Bodies, the firll havings 
twice the Quantity of Mattar^ and thrice 
tfiyc Velocity which the other has j any two 
Numbers, that are to each other as two to oc&f 
. will exprefs their Quantities of Matter (it be- 
ing only their relative Velodties and QsJ^i*^ 
ties of MiatCer which we need confider) and 
any two Numbers that are as three to one 
their Velocities ; now multifdy ing the iQjMm« 
tity of Matter in the firft, ^i^. two by itsVc^ 
locity three, the Produft is fix ; and multi- 
plying the Quantity of Maitter in the fccond 
by its Velocity, viz. one by one, the Produft 
is ohe ; their relative Forces thcitfore or Pow- 
ers will be as fix to one, or the Moment of sms 
is fix Times greater than that of the other* 
Again if their Quantities of Matter had been 
as three to eight, and their Velocitfes as two to 
three, then would their Moments have been^ 
fix to twenty four, that is, as one to four. 

This being rightly apprehended, what Al- 
lows, concerning the Laws of the Communica- 
tion of Motion by Impulfe, and the mechani- 
cal Powers, Will be eafily underftood. 

The Communication of Motion. 

I. In Bodies not Elaftic. 

tir. TiiosE Bodies are faid to be not i%i- 
j?/c, which,' when they Urike againft one ano- 
ther, 
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ther, do not rebound, but accompany one a- 
nother after Impad, as if they wcje joined. 
This proceeds from their retaining the Imprefi- 
fion, made upon their Sur&ces, afbr tbcf im^ 
pieiiing Force cealcs to aft. For all rebound** 
ing is occafioned by a certain Spring in the 
Surfaces of Bodies, whereby thoie Farts, which 
itcdvc the Impreffion made by the Stroke^ 
immediately ipring back, and throw off th$ 
impinging Body ; now, this being wanting in 
Bodies void of Elafiicity, there follows no Ser 
paration after Impad. 

IV. When one Body impinges on anothar 
which is at reft, or moving with lefi Velocity 
the fame Way, the Quantity of the Motiotji 
or Momentum in both Bodies taken togiether 
remains the fame after Impad,' as before ; for 
by the third Law. of Nature, the Readion of 
one being equal to the Adion of the other^ 
what one gains, the other mufl: lofe. 

Thus, fuppofe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at reft: The C^antities of Matter iij 
the Bodies being equal, their Moments and 
Veiocities are the fame : the Sum in both 
twelve; this remains the fame after Impai6|; 
(f* 4*) ^^ J8 equally divided between them 
(5. 3*) they have therefore fix a-picce, that is^ 
the impinging Body communicates half it» 
Velocity, and Iceeps half! 

G 4 V.When 
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V. When two Bodies impinge on each o- 
thcr by moving contrary Ways, the Quantity 
of Motion, they retain after Impad, is equal 
to the Difference of the Motion they had be- 
fore J for by the third Law of Nature, that, 
which had the leaft Motion, will deftroy an 
equal Quantity in the other, after which they 
;»rill move together with the Remainder, that 
is the Diflferehce. 

i Thus for Inftance, let there be two equal 
Bodies moving towards each other, the one 
with three Degrees of Velocity, theothcr with 
five, the Difference of their Moments or Velo- 
cities will be two ; this remains the lame after 
Impaft (J- J.) and is equally divided be-r 
tween them (J. 3,) they have therefore one 
a-piece : That is, the Body, which had five 
Degrees of Velocity, lofos three or as much as 
the other had, comjnunicates half the Remain- 
der, and keeps the other half *. 

* From thefc Pofitions \\ is cafy to redace a Theorem, that 
Jhall fhew the Vclccity of Bodies alter Impafl ia all Cafes what- 
ever. Let there be twp fiodia J abd 5, the Velocity oi the firft 
A, of the other b ; then ((. i.) the Moment of J will be ex- 
preffed by J^, and of B by ^^ ; therefore .the Sum of both 
will be j€t^Bh ; and Ja-^M wil! be the Diflference when 
they meet. Now thefe Quantities (by $. 4. and 5.) remain the 
famQ after Impa6^ ; but knowing the Quantities of Motion an^ 
Qoap titles of Matter, w^ have the Velocity (which J. 3. isth<} 
Ja9»e in both) by dividing the former by the latter (as follows 

from 5. %') therefore--^^^ ^^ a^b ^° .Cafes ex- 
prcf^ tbc Velocity of the JBodies after Impa^ 

11. In 
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II. In Elaftic Bodies. 

VI. Bodies perfedly £/^/c arc fuch as re- 
bound after Impaft with a Force equal to that 
with which they impinge upon one another : 
Thole Parts of their Surfaces, that receive the 
*Impreflion, immediately fpringing back, and 
throwing off the imf)inging , Bodies with a 
Force equal to that of Impaft, 

VII. From hence it foUows, that the Adion 
of Elaftic Bodie§ on each other (that of the 
Spiring being equal to that of the Stroke) is 
twice as much as the fame in Bodies void of 
Elafticity. Therefore, when Elaftic Bodies, 
impinge on each other, the one lofes, and 
the other gains twice as much Motion as if 
they had' not been Elaftic ; we have therefore 
an ealy Way of determining the Change of 
Motion in Elaftic Bodies, knowing firft what 
it would have been in the fame Circumftances, 
had the Bodies been void of Elafticity. 

Thus, if there be two equal and Elaftic 
Bodies, the one in Motion with twelve De- 
grees of Velocity impinging on the other at 
reft, the impinging Body will communicate 
twice as much Velocity as if it had not been 
.Elaftic, that is (by §. 4.) twelve Degrees, or 
til It had ; confequently it will be at reft, and 
the other will move 00 with the whole Veloci- 
ty of the fprmerv 

i 
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VIII. It Ibmctimcs happens, that in Bodies 
not Elaftic, the one lofes more than half its 
Velocity, in which Cafe, fuppofing tiieiji E- 
laftic, it lofcs more than all ; that is, the Ex- 
cels of what it lofes, above what it has, is ncn 
gative, or in a contrary DireAion ; thus, fup** 

S)fe the Circumftances of Impaft fuch, that a^ 
o^Yi which has but twelve Degrees pf Veloi- 
city, lofes fixteen ; the overplus four is to be 
taken the contrary Way, that is, the Body will 
rebound with foHr Degrees ef Velocity. % g^ 
Let it be required to determine the Velocity 
of a Body after Impad againft an immoveable 
Objeft. Let us firft fuppofe the Obje£k and 
Body both void of Elafticity : 'Tis evident the 
impinging 3ody would be ftopp'd or lofc all its 
Motion, and communicate npae; if they are 
]felaftic, it muft lofe twice t$ much (by «|. y^) 
apd Cdnfequcntly will rebound with a Force 
equal to that of the Stroke. 

IX It IS iufficient if only one4>f the Bo- 
dies 18 Elaftic, provided the other be infinitely 
hajrd; for th/sn the ImpreiEon \nJthc Elaflk 
Body will be. double of what it would h^ve 
been, had they both be«i equally Elaftic j: jft^pd 
conTequently the Force, with which they i^ 
bounds will be the fame as i,f the ImprdSioD 
had been equally divided \bctween t^ ^wx% 
Bodies. " ♦ 

X. There are no Bodies, -that ^chx^cm 
of, cither perfefily Elaftic, or infinitely hard j 

the 


the neirer tbectf(A< any Bodieis appto^^h %& 
Perfeftion of Elafticity, fo mucl}tl|e Qcarerd.o 
tJac Laws, which they ohC^vft m the cnul:ual 
CiomolunicadQii of tbek Motioo, ftpproACh t9 
thofe we have hH down, 

XL Sir Isa;^c N«wto}q nude Trials w|$b 
&veral Bodies, and found ttiAt th« ftoie D^ 
griee of Elafticity alwdy$ apf)^?ed in th? itmf 
Bodies, with whattewr Forge tbcy wci« ftr^ick, 
lb that the Elaftic Pdwer, in i& tfec Bodiw l» 
made Trial upon, exertqd itigif in oae cwifbWF 
Proportion to the ccwoprefling For «. He &tifl4 
the Cdcrity with which B^\U of Wool, boiiad 
Ep very compaft/ receded from each other, to 
bear nearly the Proportion of five to nine to the 
Celerity wherewith they itet ; and in Steel, he 
found nearly the fixjie Proportion j in Cork the 
Elafticity was fbmething kfs, but in Glaif 
much greater ;fbr the Celerity, with which Bafis 
of that Material ^feparated after Peicuflion, he 
feund to bear the Proportion of fifteen to (Lcr 
teen to the Celerity wherewith they met*. 

XIJ. We have hitherto luppofed the 0i- 
reftion, in which Bodies impinge upon one 
anofher, to be perpendicular to tneir Surfaces : 
When it is not fo, the Force of Impad will 
be lefe, by how much the more that Direftion 
varies from the Perpendicular ; for it is ma« 
fttfeft that a dked Impulife is the greatefl of all 

. • Newt. Pfinaip. Phil, pag lu 
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others that can be given with the fame Degree 
of Velocity*. 

XIII. This is the Cafe^ When Bodies impel 
one another by afting upon their Surfaces ; 
but in Porces^ where the Surfaces of Bodies 
are hot concerned, as in Attradion, (^c we 
mufl not confider the Relation which the Di- 
redion of the Force has to the Surface of the 
Body to be moved, but to the Diredion in 
which it is to be moved by that Force. Here 
the Force of Adion will be lefs, by how 
much the more thefc two Diredions vary 
from each other f. My Meaning in both 

Cafes 


* The Force of oblique iPercofllon is to that of dlrefl^ as the 
Sine of the Angle of Incidence to the Radius. 

Dim, Let there be a Plane as AD {Fig. 25.) againft which let 
a Body impinge in the Point D in the Dirediion BD : which Line 
may be fuppofed to exprefsthe Force of direft Inapulfey and may 
be refolyed into two others (Chap. IV. §. 2) BC and SJ ; the 
one parallel, the other perpendicular to the Plane ; but that Force 
which is exerted in a Diredion parallel to the Plane can no Way 
zSk&, it ; the Stroke therefore arifes wholly from the other Forces 
exprefied by the Line BJ ; but this is to the Line BD, as the Sine 
of the Angle of Incidence JDB to the Radius ; from, whence 
the Proportion is clear. 

If the Surface of the Body to be ftruck is a Curve, then let JD 
be^made a Tangent to D the Point of Incidence, and the Demon* 
^ration will be the fame. 

•f- The Force of oblique Aftion is to that of dire6V, as the CtJ- 
Sine of the Angle comprehended between the Diredion of the 
Force, and that wherein a Body is to be moved thereby, to the 
Radius. 

Dem. Let FD (Fig. 26.) reprefcnt a Force ailing jjpon a 
Body as D, and impelling it towards E ; but let i)Af be the 
only- Way in which it is pofiiblc for the Body to inove ; the 

Force 
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Cafes will be underftood from the Inftance of 
a Ship under SaiL The Force^ by which the 
Wind ads upon the Sail,' will be lefs, by how 
much the more its Diredion varies from one 
that is perpendicular to its Surface : But the 
Force of the Sail, to move the Ship forward, 
will be lefs, by how much the more * the ^Dlt- 
reftion of the Ship's Courfe varies from that, 
in which Ihe is impelled by the SaiL 

XIV. To this we may add the following 
Propofition, relating to oblique Forces, visiu 
that, if a Body is drawn or impelled three 
different Ways at the fame Time by as many- 
Forces ading in different Direftionsj and if 
the Quantity of thofe Forces is fuch, that the 
Body is kept in its Place by them : Then will 
the Forces be to each other, as the feve* 
ral Sides of ' a Triangle, drawn refpeftively 
parallel to the Diredions in which they a£t *. 

Force TD may be refolved^ (Chap. 4 §. 2 ) jnto twd others fO 
and F//, or which is equal to GD ; but 'tis evident that 
only ihe Force GZ) impels it towards M. Now, FD he* 
-ing the Radius, GD is the Co-Sinc of the Angle fOG com* 
prehended between the two Dire^ioas FE and GM; from 
whence the Propofition is dear. 

• Dem, Let the Lines JB, 'JD, JE, ^Fig, 2.7.) reprefent 
the three Forces adling upon the Body A, in thofe Diredlions, 
and by that Meani keeping it at reil in the Point A, J hen 
the Forces EA and DA wiJI be equivalent to BA^ otherwifc 
the Body would be put into Motion by them (contra Hypoth.) 
But thefe Forces are alfo equivalent to AC (Chap. IV. $.2.) 
confcquently AC may be made ufe of to exprefs the Porc« AB I 
and EC^ which is parallel and equal to AD, may exprefs the 
Force AD, while AE expfcffcs ittf own ; But ACE is a Tri- 

H anj;le 
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CHAP. X. 

Of the Mechanical Powers-' 

ITJTAVING, in the foregoing Chapter^ 
1 J^ accounted for the Communication of 
Motion by Impulfe ; we proceed next to con* 
jider Motion as communicated by Means of 
tfertain Inftruments, commonly known by the 
Names of Mechanical ^Powers. The Ufe of 
thefe Powers confifts chiefly in managing great 
Weights, or performing other Works with a 
determinate Force. 

II. They are ufually reckoned five, wjsj. 
The Lever, the Wheel and Axis, the PuUy, 
the Screw, and the Wedge; to which fbme 
add the inclined Plaoe» To thefc aD Machmes 
how complickted fbever are reducible. 

III. These Inftruments have been of very 
ancient Ufe ; for we find that Archimedes was 
well acquainted with the Extent of their Pow- 
er ; as may be inferred from that celebrated 
Saying of his, a©^ ^IT 5-«^, /t«ti riiv ytiv Kivii^a* 
By which he meant^ that the greateft imagi- * 
nable Weight might be moved with the fmal- 
left Power> 

angle wUofe Sides are all parallel to the given Direftionsj^ 
therefore the Sides of this Triangle will exprcfs the Relation ctf 
the Forces by which the Body is kept at reft, ^ E. D. ~ • « 

IV. That | 
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IV. That Body, which communicates Mo- 
tion to another, is called the Tower \ that which 
receives it, the Weight. 

V. That Point in a Body, which remains 
at reft, while the Body is turning round, is 
called the Center of Motion. Befides this, there 
are two other tHenters in Bodies, i . That of 
Magnitude^ which is a Point, as near as pofli- 
ble, equally diftant from *all the external Parts 
of the Body J 2. That of Gr^^/(y, or that, about 
which all the Parts of the Body, in whatever 
Situation it is placed, exadly balance each o* 
then 

VI. WttE^r a Body communicates Motion 
to another, it lofes juft fb much of its own, as 
it communicates to that other; the Adion erf* 
one. being equal to the Readion of the other. 
See Chapter the laft, ^. 4. and 5. 

VII. When two Bodies have fuch Rela- 
tion to each other •(fuppofc them fixed to dif- 
ferent Parts of the fame Machine) that if one 
be put into Motion, the other will thereby 
nece^ily have luch a Degree of Velocity gi- 
ven it, that their Moments will be equal ; ^ it 
will then be impoffible, that one fliould begin 
to move without communicating to the other 
a Quantity of Motion equal to its own ; 'tis 
evident therefore from the laft Propofition, that 
if we fuppofe it to begin to move, in that 
very Inftant it muft lole all its own Motion 
by communicating the whole to the other 

H2 Body, 
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Body, and therefore, being left to itfelf, wiU ' 
remain at reft, and communicate none at all. 

Now the Moments of two Bodies are equal 
(Chap.TX- §. a.) when the Velocity of the 
jirft is to that of the lecond, as the Quantity 
of Matter of the fecond to that of the firft j 
or if we fuppofe their Quantities of Matter 
0s one to three, then by the Suppofition their 
Velocities are as three to one ; and if we^ mul- 
tiply the Quantity of Matter in the firft, v'lz. 
one, by its Velocity three, and that of the o-^ 
ther, viz. three, by its Velocity one; theirJPro- 
dufts are equal ; their Moments are therefore 
by the Definition (Chap. XL J. i.and 2.) equal. 
They will alfo be equal, when the Spaces the 
Bodies pafs over are in that Proportion \ for the 
Times they both move in being the fame, the 
Spaces will always be as the Velocities. 

VIII. Fn CM hence it follows, that in any 
Machine, whether fimple or compound, the 
Power however linall may have a Moment 
equal to that of the Weight ; provided the 
Machine be fuch, that when it is in Motion, 
the Velocity of the Power ftiall bear fuch Pro- 
portion to that of the Weight, as the Weight 
does to the Power ; for then, what the Power 
wants in Quantity of Matter or Weight,- will 
be made up in Velocity 5, confequently their 
foments will be equal by J. the laft, and 
therefbre by ^. 7. they will exadly balance 
each ether j or be in J^qtnlibno, 

IX But 
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IX. But if the Powier bears a greater Pro- 
portion to the Weight, than the Velocity of 
the Weight to that of the Power; it will 
then have a greater Momentum than the other ; 
fo that though the other receives all its own 
Moment from it when the Machine moves, 
yet there will Ibme remain, which if it be fuf-' 
ficient to overcome the Fridion of the Machine, 
will keep it moving. 

We proceed now to treat of each Mecha- 
nical Power in its Order, and 

L Of the Lever. 

X. The Lever is a right Line (or Bar whole 
Weight in Theory is not confider'd) moveable 
on a Center, which is , called its Fulcrum^ or 
fixed Totnt. 

XL The ^Equilibrium in this Machine, is, 
when the Diftance of the Power from the fixed 
Point is to that of the Weight from the lame, 
as the Quantity of Matter in the Weight is to 
that in the. Power. 

Fo R, fuppoling the Lever placed on its Ful- 
crum with the Weight to be raifed at one 
End, and the Power applied to the other; 
'tis evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
larger wiD be its Sweep when the Machine is 
put in Motion ; that is, it will move over pro- 
portionably more Space in the lame Time than 
the Weight to be raifed ; now, if itisplacedjuft 
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fo nwny Times farther from theFulcrumi as it is 
Icfs than the Weight, it will move juft io many 
Times fafter ; their Moments therefore will be 
equal (J. 7.) and confequently the Power .and 
Weight will exadly balance each other, or be 
in jEquilibrio *• And, if the Power is fuffi- 
ciently augmented to overcoipe the Fridtion o£ 
the Machine, it will put it in Motion, 

. The Lever is of three Kinds, i. When the 
fixed Point is between the Weight and the 
Power, as in the laft Cafe. a. When the 
Weight IS between the fixed Point and the 
Power. 3. When the Power is between the- 
fixed Point and the Weight, • » 

In. all which Cafes the ^Equilibrium will 
be, 'when their Diftances from the fixed Point 
are fuch, that their Velocities ftiall be inverfe- 
ly as their Quantities of Matter ; for then (by 
p. 7.) being at reft, neither of them will com- 
municate any Motion to the other 

The common Scales may be confidered as 

V 

* Geometrically thus. Let JB (Fig, ^8.) rcprefent the Le- 
^r, ¥ the Fulcrum, /iTthe Weight, P the Power, tjie one fuf- 
pen^tdat t|ie Extremity of the Lever A, the other ^t ^« ap4 
let BF be to FA as ^ to P j then while the Lever moves from 
<he Situation AB into that of CD, the Point B which fuftain* 
the Power will loore as many Times farther than ^ which fuHaips 
the Weight (and confequently as m^ny Times faflerfinpe they per- 
form their Motions in the fame Time) as the Arch BD is longer 
than AC ; that U, the Triangles BFD and AFC being fimilar, 
U the Arm BF is longer than AF^ which (ex Hypotb.)h as many 
Times as the Weigjit exceeds the Power, they will therefore 
(J. 7.) be in itquilibrio. ^ E. D. 
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a Lever of the firft Kind, where the Wti^t 
and Power are applied at equal Diflances from' 
the fixed Point. 

The Steelyard is alio a Lever of the firff 
Kind, but whofe Arms are unequal. 

The Difference between the Ule of the 
Scales and the Steelyard confifts in this ; thaC 
as in one you make ufe of a larger Power (or 
more Weights) to cftimate the Weight of an 
heavier Body 5 in the other you ufe the lame 
Power, but give it a greater Velocity with re- 
fpcftto that of the Weight by applying it 
farther from the fixed Point, which by §.7^ 
will have the fame Effed. 

IL The Wheel and Axrs. 

XII. Thi* Machine is a Wheel, that turns 
round together with its Axis ; the Power ft 
this is applied to the Circumference of tht 
Wheel, and the* WeigTit drawn up by Means 
of a Rope wound about the Axis. 

XIII. In this there will be an Equilibrium, 
when the Wetght is to the Power, as the Dia^ 
meter of the Wheel to the Diameter of the 
Axis. 

'Tis evident, the Velocity of the Power will 
exceed the Velocity of the Weight, as m^ny Times 
as the Circumference of the Wheel exceeds that 
of its Axis ; becaufe the Spaces they pafs over 
in one Revolution will be as thofe Circura- 
ferences ; that is, as many Times as the Dia- 
meter 
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meter of one exceeds that of the other (the. 
Circumferences of Circles being as their Dia- 
meters \) what therefore in this Cafe the Pow- 
er wants in Weight will be made up in Velo- 
city, from whence (§. 7.) there will be an M^ 
quilibriuni *. 

The Ufe of this Machine is to raife 
Weights to greater Heights than the Lever 
can do, becaufe the Wheel is capable of be- 
ing turned feveral Times round, which the 
Lever is not; and alfo to communicate Mo- 
tion from one Part of a Machine to another ; 
accordingly there are few compound Machines 
without it. 

IIL The Pulley. 

. XIV. A Pulley is an Inftrument compofed 
of one or more Wheels moveable on their 
Axes. 

XV. A limple Pulley, if its Axis is fixed, 
is of no other \i^^^ than to alter the Direc-. 
tion of the Power ; for the Power and 
Weight will both move through an equal 

* Geometrically thus. Let AH (Fig, 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, IV the Weight, and 
P the Power ; when the Wheel begins, to move, the Point 
B and D will defcribe iimilar Arches about the Center C, in 
the fame Manner the Point A and B in the Lever were (hewn 
to do about the fixed Point F {Fig. 28.) that is, the Point B 
wW move as many Times fafler than Z>, as CB is longer than 
CD or AB than DE, the Motion therefore of F (§. 7.) will 
be equal to that of ^. From whence the Propofition is clear. 

Space 
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Space in the lanie Time. But in a PuDey 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a .Combination ofPuUies 
as \nFig.i\. the -Equilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that pais between the up* 
per and lower rulli6s. 

For, fuppofe one End of the Rope fixed 
in B f/w. 30.) and the other fupported by the 
Power r, it is evident, that in order to raile 
the Weight W one Foot, the Power muft rife 
two, for both Ropes, viz. BC and CP, will 
be fliortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight ; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal : for the lame Reafon, if there be four 
Ropes palling from the upper to the lower 
Pullies as in Fig. 3 1. the Velocity of the Power 
will be quadruple to that of the Weight, or as 
four to one, ^c. In all Cafes therefore when 
the Power is to the Weight, as one to the 
Number of Ropes paffing from the upper to 
the lower Pullies (J. 7.) there will be an ^- 
quilibrium. 

XVI. \t the Pullies be dilpofed as in Figure^ 
the 3 id, each having its own particular Rope, 
the Aftion of the rower wrU be very much 
increafed • for here every Pulley doubles it, 
wherefore the Power is four Times greater 
with two Pullies, eight Times with three, 

I fixtoen 
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fixteen Times with foury ^c. For, it is evi- 
dent from the Confidcration of the Figure, the 
firft will move half as faft as the Power, 
the fccond half as faft as that, and fo onj 
wherefore (J. 7.) the Power is doubled by 
each Pulley. ^ 

The Ufe of the Pulley is nearly the lame 
with that of the Wheel and Axis, but it is 
more portable, and eafier to be fixed up^ 

IV. The Screw. 

XVII In this Machine the Equilibrium 
will be, when the Power is tp the Weight, 
as the Diftance between any two contiguous 
Threads or Spirals in the Screw, to the Way 
defcribed by the Power in one whole Revolu- 
tion. It is manifeft from the Form of the 
Machine (Fig. 33.) that in one Revolution of 
the Screw, the Weight will be moved through 
a Space equal to the Diftance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compals it takes 
in one Revolution, therefore (J. 7.) if the 
Weight is to the Power in that Proportion, 
there will be an Equilibrium. 

This Machine is of great Force, and very 
ufeful in retaining Bodies in a compreffed 
State, becaufe it will not run back, as the 
three foregoing will, when the Power is re- 
moved. This arifcs from the" great Fridion 
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of thofe Parts in the Screw, which during iu 
Motion Aide upon thofe that are at Reft. 

V. The Wedge. 

XVIII. This Inftrument is formed by two 
equal Redangles, joined at their lower B^fes, 
and fcparated at their upper ones, by a third ; 
which is called the Back ' of the Wi^dge j the 
other two, its Sides. 

XIX. & the foregoing Mechanical Powers 
we have all along confidered the Weight, as 
rooved in the lame Diredion with that, in 
which it is afted upon by the Machine, as is 
commonly the Cafe ; but in this, the Weight 
is generally applied in fuch a Manner, as to be 
made to move in a Diredion different from 
that, in which it is protruded by the Wedge j 
hence it is, that Mathematicians have wide- 
ly differed in their Determination of the 
Power of this Machine, fome confidering the 
Weight as moved by it in one Diredion, and 
Ibme in another. Nay, there are fome, even 
among the late Writers, that have been led 
into manifeft Errors by it We will there- 
fore lay down the feveral Proportions, they 
have given us, for the determining the Power 
of this Machine, and examine them one by 
one. I . It is demonftrated by fome, that the 
Power will be equivalent to the Refiftancc of 
the Weight, when it bears fuch Proportion 
to it> as the Breadth of the Back of the Wedgip 

I a does 
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does to the Sum of its Sides ; or, which is 
the fame Thing, as half that Breadth to one of 
its Sides, a. Others make it fome what larger, 
and dcmonftrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular 
Height of the Wedge, 3. Some are of Opi- 
nion, that there will not be an -/Equilibrium 
in this Machine, unleft the Power is to the ' 
Weight, as the whole Breadth of the Back to 
the perpendicular Height; viz. Wahis, 
Keii, ^c. 4. Gravesande in his Elements 
(L, I. Chap. 13.) gives us the fame Proporti- 
on with the laft ; and in his Scholium de ligno fin* 
dendoy tells us, that when the Parts of thfe Wood 
are feparated no farther than the Wedge is dri- 
ven in, the Equilibrium will be, when the 
Power is to the Refiftance, as half the Breadth 
of the Back of the Wedge to one of its Sides. 

Those, who lay down the firft Proportion 
for determining the Power of this Machine, 
fuppofe the Parts, which are feparated from 
each other thereby, to recede from their firft 
Situation in Diredions perpendicular to the 
Sides of the Wedge. Thus let AC B (Fig.^j^) 
reprefent a Wedge ; P, P, two Bodies to be 
feparated by it, the one to be moved towards 
I, the other towards F, in the Diredions CI, 
and CF perpendicular to AC and CB; then 
'tis evident, that when the Wedge is driven 
in to the Situation MNO, the two Bodies 
will be moved to Q^and Qj that is, one will 

have 
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have pafled through the Space CK, the other 
through CL, but thefe Spaces being equal^ 
their Velocities ar6 the feme as if they had , 
both pafled over one of them, *z;. g. CL, or 
which is equal to it DG (drawn perpendicu- 
lar to CB); therefore the Power, which wc 
fuppoie applied at D, moves through DC, while 
the Obftacle moves through DG, confequent- 
ly (J. 7.) when the Power is to the Weight 
asDG to DC, that is^, as DB to CB*, or 
half the Back of the Wedge to one of its 
Sides, they will be in ^quilibiio. This Pro- 
portion therefore, when the Parts of the 
Weight are fuppoled to be moved by the 
Wedge in the Direftions CI and CF, is 
true. 

1. The lecond Proportion is alfo true^ flip- 
poiing the Bodies P, P, to recede from each 
other in the Diredions CN ^nd CM, paraUel to 
AB the Back of the Wedge j for, when the * 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or which is equal 
to it DB, half the Back of the Wedge^ and 
the Power through a Space equal to its Height 
as before ; confequently (J, 7.) in this Cafe, 
tiie ^Equilibrium will be, when the Power ia 

* For (8 Ekm. 6.) dieTrumg^tt DCG and I>CJ9arefiinilar« 
and confequently DG : DC : : DB : CB. 
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to the Weight, as half the Back of the Wedge 
to its Height*. 

3. Those, who imagine there will not be 
an ^Equilibrium, unlels the Power be to the 

• The fame may be othcrwifc demonflrated from Section 14; 
Chapter 9. thus. Let there be a Body as L (Fig: 35.) drawn 
againft the Wedge AbC by the Weight W, in the Dircaion LF^ 
parallel to the Back of the Wedge JB ; but prevented froni 
Aiding down towards C, by a Plane (whofe upper Sur&ce we 
may fuppofe reprefented by EF) lying upder it. I fay, the 
Power will be to the Weight, when they are in .£quilibrio, as 
D^toDC. 

> Dem. The Body L is here a£led upon in three Directions, 
wz, by the Force of the Weight fVintbfi Dircftion LF, by- 
the two Planes CJ and £F, in the Diredlions LG and LI, 
jperpendicular to their Surfaces ; let GE be drawn parallel tp 
L/, thei» will the Triangle LGE have aU Its Sides refpec- 
tively parallel to thofe Diredlions ; confequently (Chap. 9. §. 14) 
if w? fuppofe LE to e^cprefs the Force of the Weight, GE will 
eatprefs that of the fuppofed Plane; or which is the equal to it, 
(becaufe they ad in contrary Diredionsji • that of the Power : But 
GE is to EL, as DJ to DC (for the Triangles EGL and Dj^C 
are iimilar, the Sides of one being ex ConftruS, refpedlively 
perpendicular to thofe in the other ; ' v. g. LG to CA, EL to 
/)C, and GE to DA] : confequently the Power is to the 
Weight, when they balance each other, as half the Breadth 
of the Back pf the Wedge to its Height, i^ E, D. 

CoroL Suppofe the Body L had been drawn againft the 
Wedge in the Dired^on QL perpendicular to its Surface, and 
irere to be moved by it in the contrary Dire&ion towards 
G/ as in the firft Cafe ; then if GL exprefles,^ the Force with 
which it is drawn towards the Wedge, GE will be that] with 
which it refiUs the Power ; but GE is to GZ^ as DA to AC,^ 
i&» Triangles £GL and JD^C being fimilar ; ^nfequently in 
this Cafe, the Power will be to the Weight, as half tne Breadth 
of the Back of the Wedge tp one of its Sides i as was before 
demonfirated. 

Weight, 
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Weight, as the whole Breadth of the Back 
of the Wedge to its Height, fupppfe, as in 
the laft Cafe, that the Bodies to be feparated 
recede from each other in Diredions parallel 
to the Back of the Wedge; and endeavour 
to fupport their Opinion by the following. Ar- 
gument : viz. that, when the Wedge is driven 
into the Situation MNO {Ftg.^ji^ as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge,, 
the whole Weight has therefore moved through 
twice fb much, or a Space equal to the whole. 
Back : as much as to lay, the Whole has mo-, 
ved farther than its Parts ; which is abfurd, 

4. This is Gravesande's Miftake in his 
Elements^ the fame he has alfo made in his Scho-^ 
Hum de Itgno finden^o^ and thereby determined 
the Power in both Places to be twice as big, 
as it ought to be. If he had proceeded in the. 
foUowing Manner, his Argument would hav^ 
been eafier, as well as the Conclufion jufteri^* 
Suppofe the Wedge ABC driven into the 
Wood QLQ^ (as reprefented Fig. 36.) whicl^ 
is fplit no farther than the Point of the 
Wedge (or however no farther than is juft 
fiifficient to give it Room to move) whicH 
Cafe Gravesande fuppofcs in his Scholfum^ 
I fay, that in this Situation of the Wedge, 
the Power is to the Weight, ^s one fourth 
Part of the Back of the Wedge to one of its 
Side& For it is evident, that when the upper 

• ' ^ ■ ' Enrfg 
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Ends of the Wood, which prcfi againft the 
Wedge in the Points G, H, are put into Mo- 
tion by the^edge, they wiD move in the 
Direftions HI and GF, perpendicular to the 
Sides of the Wedge, bccau^ they turn as it were 
upon a Joint at L,- which we always foppofe 
contiguous to C r again, fincc only the upper 
Ends of the Wood arc put into Motion, and 
not the lower ones; which remain at L ; *tis evi- 
dent, that the Motion of each Piece (fuppofing 
their Thicknefs the fame from End to End, and 
their Subftance uniform) will be but hali^ 
what it would have been had the lower ones 
moved with the fame Degree of Velocity. Now, 
were all>the Parts of the Wood to have' the 
iame Degree of Velocity with the upper ones, 
the Power would be to the Weight, as in the 
firft Gafe, mz. as DB to BC (-^^4- 340 ; there- 
fcre in this Cafe, it is as half Db to BC, or 
as one fourth Part of the Back of the Wedge to. 
one of its Sides. Which was to beproved. 

XX. The Form of the J«c//;/^^y/4f«^ being 
no other than that of half a Wedge, as is ma- 
nifeft from the Reprefentation of it {Ftg. 37.) 
it follows that what has been demonftrated 
of the one, may be applied to the other, and 
the Properties of both will be found the fame. 
For Iflftance, if the Weight W is to be raifed 
up the Plane CB, by the Power P, in a Di- 
redion parallel to the Pkne , inftead of that, 
vre may fuppofe the Weight prevented' from 

running 
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running off the Plane by the String WH, and 
the inclined Plane driven under it like a Wedge 
in the Direftion DC : then will the Weight 
rife towards G in a Diredion perpendicular 
to CB, for we muft always fuppofc^ the String 
WB parallel to the Plane ( as it would have 
been, if the Weight had been drawn up by 
it;) then will the Adion of the Plane upon 
the Weight be fimilar to that of the Wedge 
in the firft Cafe and confequently the Power 
will bear fuch Proportion to the Weight, as 
DB to BC ; that is, as the Height of the Plane* 
to its Length. Again, luppofe the Weight 
ivas to have been drawn up the Plane by a 
Strii^ in the Diredion WF parallel to CD 
the Bafe of the inclined Plane ; thea if the 
Plane be driven under the Weight as before, 
it muft rife in a Direftion perpendicular to 
CD, that is, paraDel to DB : then the Cafe will 
be analagous to the fccond of the Wedge j 
confequently, the Power wiU be to the Re- 
fiflance of the Weight, when there is an ^- 
quilibrium, in the Proportion ofDB to DC, 
as there demonftrated. 

XXI Th£S£ are the Powers or Machines, 
which, under different Forms, conftitute all 
other how complicated foever ; and as the 
-Equilibrium, in any one of thefc is, when the 
Power and Weight are inverfely as their Ve- 
locities ; fo in a Machine however compound- 
ed, the Power and the Weight will exadlly 

K balance . 
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balance each other, when they are in this 
Proportion ; for by ^. 7. their Moments will 
then be equal, and the Machine, if at reft, 
will continue in that State ; and, if put into 
Motion by an external Force will gradually 
lofe it, when that Force ceafes to a£t ; on ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Refiftance of the Air, which 
it muft neccflarily meet with, unlefs its Mo- 
tion could be performed in a perfeft Vacuum. 
From hence we fee the Impoflibility of con- 
triving an Engine, whole Motion fliould be 
ferfetualy that is, fuch as does not owe its 
'ontinuance to the Application of fome ex- 
ternal' Force; a Problem that has given Birth 
to an almoft infinite Number of Schemes and 
Contrivances. For unlels fome Method could 
be found out of gaining a Force, by the art- 
ful Difpofition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deftroyed by Fridion, and the Re-» 
fiftance of the Air, the Motion, which was at 
fir ft given to the Machine, muft at length be 
neccflarily loft. But we fee, that thofc In- 
ftruments are only different Means, whereby 
one Body communicates its Motion to another^ 
and not defigned to produce a Force which 
had no Exiftence before. 'Tis for want of a 
due Confideration of this; that fo many Mer 
chanical Defignshave proved abortive, fo many 
Engines unequal to the Performance for which 

they 
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they were defigned, and lb many Impoflibi* 
]ities attempted. 

"If it were poffible, fays Bp. Wiikins, 

*^ to contrive fuch an Invention, whereby 
*^ any conceivable Weight may be moved by 
*^ any conceivable Power, both with equal 
^* Velocity (as it is in thofe Things which are 
^^ immediately ftirred by the Hand, without 
^' the Help of any other Inftrument) the 
*^ Works of Nature would be then too much 
" fubjefted to the Power of Art ; and Men 
" might be thereby encouraged (with the 
^' Builders of Babel^ or the Rebel Giants) to 
^* fuch bold Defigns, as would not become 
" a created Being. And therefore the Wifdom 
" of Providence has lb confined thefe Human 
^' Arts, that what an Invention hath, in the 
" Strength of its Motion, is abated in the Shw^ 
*^ nefs of it ; and what it has, in the cxtraordi- 
^ nary ^icknefs of its Motion, muft be al- 
" lowed for in the great Strength requifite in 
^^ the Power which is to move it *. 

* Wilkins^^ Mathem. Magick. p. 104. 
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c H A P. I. 

Of the Vibration of a Pendulum in a 

Cycloid. 

PROPOSltlON I. 

IF a Penduluin be iiiadc to vibrate in a 
Cycloid, all its VibraticHis however une-» 
iqual, will be ifocrottous ; that is, they will be 
performed in equal Times {a). 

(a) In order to demonftrate this Propdfitioni it will be pro- 
per to lay down the following Lemma^s. 

L E M M A I. 

If a Body dcfccnds from A along the Line AX, (Appendix^ 
Plate, Fig. i.) by virtue of a Force which decreafcsjn Proportion 
as the Diftance of the Body from X, decreafes ; that is, if when 
the Body comes to M, N, O, {ffc. the Aaion of that Force 
iipon the Body^ be as the Diftances XM, XN, XO, fcTf. ref- 
ipeftively : And if the laft acquired Velocity of the Body ; that 
is, its Velocity when i tcomes to X, be expreflfed, or fet off, by 
the Perpendicular XB equal in Length to the Line AX, and its 
Velocities at M, Nj O, fcfr. be fet off there by the Lines MD, 
NP, OQ^ i^c. in Length proportionable to each other and to 
the Line XB, as the Velocities of the falling Body at M, N, O, 
i^c. are to each other and to its laft Velocity at X : And if 
through the Extremities of thefe Lines> the Curve ADB be 
drawn; I fay, that Curve will be a' Portion of a Circle: And 
the Time in which the Body will defcend through the whole 
Space or Line AX [or any Part of it, as MO] will be fuch Time, 
as would be reqoiiite for it to d^faibe the whole Arch AB (or 

A any 


The Triangles PDL and 
DTM are iiinilar 

PL : LD : : DM : MT. 
LD=MN 
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any Part as DC^ cocrefponding to MO] in, with its lafl acqui- 
red Velocity at X. 

Demonflration of the Lemma. Parallel and cofltigUodS to the 
Line MD» draw NP, in which Cafe the Line MN, becomes a 
Pointy and* the Arch DP a Tangent to the Curve: Produce PD 
till it meets XA produced, in T ; draw the Line XD ; and let 
fall the Perpendicular DL. Then the Lines DL and TM being 
parallel, the Angles PDL and DTM are equal, as being alttr- 
nate ( by 27 £lem. i . } ; and the Angles at L and M, as being 
right ones ; the Triangles therefore PDL and DTM are fimilar» 
which for the Sake of referring to it afterwards, let us make the 
ixfk Step of the following Procefs 

From the £rft Step we have this 

Proportion (5 £lem. 6.) 
By the Figure 
But MD being the Velocity when 

the defcending Body comes to 

M, the Point MN is defcribed 

with that Velocity; for there 

is no Acceleration during the 

PaiTage of a Body over a Point ; 

confcquently MN is proportion- 
able to MD : that is. 
Comparing the fecond, third and 

fourth Steps 
But MD and NP being the Velo- 
cities of the defcending Body at 

M and N, LP the Difference of 

thofe Lines, exprefling the In- 

creafe of Velocity in the Body, 

will be proportionable to the 

moving Force at the Point MN ; 

that is, by the Suppofition, to 

the Diftance XM ; therefore 
Comparing the fifth and fixth 
Confequently (5. £lem. 6.) 


5 


MN is as MD. 

PL : MD ; : DM : MT 




7 
8 


PL Is -as XM 
XM : MD : : DM : MT 
The Triangles XMD and 
DMT are fimilar. 


And therefore, fince their Angles at M are rieht ones, the 
Triangle TDX is (by the Converfe of Prop. 8. Ekm. 6.) right 
afigled at D. Confequently fince the fame is true of any other 
Point of the Curve, as well as D, the Arch ADB is a PcHtion 
•f a Circle {16 Elcm. 3.). Which is the firft Pkrt. 

Secondly^ 
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LD : DM : : DP : DX 

DX = XB 

MN : DM : : DP : XB. 


Secondly, comparing the firft and 

eighthStepSy the Triangles PDL 

zm XMD are fimilar ; therefore 
ADB being a Portion of a Circle, 

as already proved . lo 

Comparing the 3d, 9th and loth 

Steps In 

Since then the Point MN bears the fame Proportion to MD, 
or the Velocity it is defcribed with by the felling Body, that 
the Point DP does to the laft acquired Velocity XB, it follows 
that the former, MN, is defcribed in the fame Time with the 
Velocity the Body has when there, that the latter, DP, might 
be with the laft acquired Velocity XB. And fince the fame is 
true of every other Part 'of the Arch ADB, it is obvious that 
the Time in which the Body will defcend through any other 
Part of the Space AX, [or the whole of it,] will be fuch as 
would be required for it to defcribe any correfponding Part of 
the Arch ADB, [or the whole of it,] with the laft acquired 
* Velocity XB. Which w^ the other Part. 

Coroil, Hence it follows, that if a Body defcends alpng the 
Line AX, by Virtue of Forces afting upon it at A, M, N, O, 
^c. proportionably to the Length of the Lines XA, XM, XN, 
XO, £ffr. and if on X as a Center, and with the Radius XA a 
Portion of a Circle, as ADB, be defcribed ; and if the Radius 
or whole Sine XB, be put to reprefent the Velocity of the Body 
when it comes to X, the other Sines' MD, NP, OQ^ ^<'. will 
reprefent the refpcdive Velocities of the Body at the feveral 
Points M, N, O, fffc. And converfcly, if one of the Sines, 
as MD, be put to exprefs its Velocity at M, the other Sines 
NP, OQ^ and the Radios or whole Sine XB, will exprefs the 
Velocity of the Body at thofe other Points N^ O and X. 

LEMMA XL 

If a Body moves along the Line AX, (Fig. 2 ) and 'be urged 
all the Way by Forces proportionable to its Diftance from the 
Point X ; whatever Point of that Line it fets out from, it will 
come to the Point X in the fame Time. Which Time will bear 
fuch Proportion to the Time it would move over the whole Line 
AX in, with the Velocity it (hall acquire by falling througti the 
whole Line AX, as the Semicircumference of a Circle does to its 
Diameter. . 


A ^ 


Dm. 
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Dem, Let two Bodies A and P fet out from the Fmnts A and P 
at the fanve Time ; and let them, be arged by Forces proportion* 
able to their Diftances from the Point X : I fay, thofe Bodies 
will come to X at the fame Inftance of Time; that is, they will 
overtake one another at that Point. On X as a Center, and 
with the Radiuses XA and XP defcribe the two Quadrants AB 
and PQ ; and draw the Line SX, and the Sines RS and MN ; . 
and let the whole Sine or Radius XB exprefs the Velocity the 
Body A will acquire by falling to X : Then by Corollary of 
Lemma i. will the Sine RS, if taken as near as poilible to A^ 
exprefs the firft Velocity of the Body A. But the Force, which 
urges the Body A is fuppofed to be to that which urges the Body 
P, as XA to XP (or b^ufe the Archs AS and PN are fimilar) 
as RS to MN : As therefore RS expreifes the firft Veloaty of A, 
MN will exprefs the firft Velocity of the other Body P : And 
therefore by the fame Corollary, its Velocity when it coities to X, 
will be exprcffible by XQ^ Farther, the Time the Body A Ms 
to X in, is by Lemma i. equal to the Time the Arch AB would 
be defcribed in with the Velocity XB $ and the Time the other 
Body falls from P to X in, is equal to the Time the Arch PQ^ 
would be defcribed in, with th^ Velocity XC^. But a Body will 
be rs long in moving over the Arch PQ with the Velocity. XQ, 
as over the Arch AB with the Velocity XB, the Lines XQ^and 
XB having the fame Proportion to each other, that the Archs 
have. Therefore the Time the Body A falls to X in, is equal 
to the Time the other Body P would fall to that Place in. 
Which was the firft Part 

The Time a Body would fall from 
A to X in, is equal to the Time 
it would move over the Arch AB 
in, with its laft acquired Velo- 
city at X. 
The Time a Body would move 
over the Arch AB in with the 
laft acquired Velocity at X, is 
to the Time it would move over 
AX in with the fame Velocity, 
as AB is to AX. 
The 1 ime a Body would fall from 
A to X in, is to the Time it 
would move over AX in with 
the laft acquired Velocity^ as 
AB is to AX. 

Axion» 


Again by Lemma i. 


Axiom, or felf evident 
PiQpofition 


Comparing the firft and 
fecond 
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Axkm 

Bjr the Figure 

pMnparing the %6, 4th 
and £f£ Steps. 


S 


AB U to AX as twice AB k 19 
twice AXl 

Twice AB is to twice AX as the 
Semidrcumference of a Circle is 
to its Diameter. 

The Time a Body would fall fron\ 
A to X in, is to the Time it 
would move over AX in with 
its laft acquired Velocity, as the 
Semicircum&rence of a Circle 
is to its Diameter. Which was 
the fecond Part. 


LEMMA HL 

If from the lowermoft Point of a Cirde, as X (Fig. 3.) be 
drawn the Chords XQ^and XO, the Power of Gravity whereby 
it fhall caufe a Body to defceod aloqg the former, will be to the 
Power whereby it fhall caufe it to defcend along the latter, as 
the Length of the former is to the Length of the latter. 

Dem, Draw the Diameter XD, the Perpendiculars QR and 
OS i and join the Points QD and OD. Then (by 3 1 Elem. 3.) 
the Triangle XQD is right-angled at Qj and therei^e (by 8, 
Hem. 6.) ) 1 XR : XQj : XQj XD. 

And for like Reafons 2 XS : XO : : XO : XD 

Butby Part L Chap6. 5 2. 3 The B£ka or Power of Gravity 

upon a Body defcending along 
the Chord QX, is to that which 
it exerts upon. another falHng 
freely ; that is, ft> its whole Pow- 
er, as XR to XQ;^ 
The Power <^ Gravity upon aBo- 
dy defcending along the Chor4 
OX, is to its whok Power, as 
XS to XO. 
The Power of Gravity upon a Bo- 
dy deicending along the Chord 
QX is to its whole Power, as 
XQjto XD. 
The Power of Gravity upon a Bo- 
dy defcending along the Chord 
OX is to its whole Power, as 

XO to XD. 

Comparing 


And alfo 


Comparing the 1 ft and 3d 


Comparing the ad and 4th 
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Comparing the 5th and 

6tn Steps 7 The Power of Gravity upon a Bo- 

dy defcending along the Chord 
QX9 is to the Power of Gravi- 
ty upon a Body defending along 
the Chord OX, as XQ to XO. 

The Defcription of a Cycloid, with the Definitions relating 
thereto. If a Circle as FCH (Fig. 4.) be rolled along the Line 
AB» till it has turned once round ; the Point C in its Circumfe- 
rence, which at firft touched the Line at A, will defcribe the 
Curve Line ACXB, which Curve h called a CycUiif. The right 
Line AB is its Ba/e: The middle Point X is its Vertex : And a 
Perpendicular, as XD, let fall from thence to the Bafe, is its 
jixis : And the Circle FCH, or any other as XGD, equal there-* 
to, is called the Gemrating Circle. 

LEMMA IV. 

If on XD, the Axis of the Cycloid, as a Diameter, the ge- 
nerating Circle XGD be defcribed; and if from a Point in the 
Cycloid, as C, the line CIK be drawn Parallel to the Bafe, 
the Portion of it CG, will be equal to the Arch GX. 

Detfh Draw the Diameter HF, then the Circles FCH and 
DGX being equal 
Adding GI to each of them 
By the Figure 
Comparing the two laft 
By the Defcription of the Cycloid 
By the Figure 
Comparing the $th and 6th 
By the D^cription of the Cycloid 
Comparing the 7th and 8 th with 

the Figure 
Comparing the 4th and the 9th 


3 

4 

5 
6 

71 
8 


KG = CI 

KI = CG 

Kr = DF 

CG=:DF 

The Arch CF =: AF 

The Arch CF = DG 

AF=:DG 

AFD = DGX 


FD = GX 
lol CG = GX. Qj^E. D. 


LEMMA V. 

The iame Things being fuppofed as in the foregoing Lemma, 
a Tangent to the Cycloid at the Point C, is parallel to GX a 
Choixi of the Circle DGX. 

Dem. It appears from the Defcription of the Cycloid, that 
£nce the Angle FCH is a right one, (as it is by 31 Elem. 3.) 
the Chord CH is a Tangent to the Ciyve at the Point C, but 

CH 
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CH is parallel to GX ; a Tangent therefore at the Point C, is 
parallel to GX, the Chord of the Circle DGX. Q, E. D. 

L E M M A VI. 

Things remaining as befoi^e, if from a Point of the Cycloid, 
as L, the Line LMK be drawn parallel to the Safe A6, th)e 
Arch XL of the Cycloid, will be doable of XM the Chord of 
the Circle correfponding thereto. 

Drm, Draw the Line SQjarallel and contigooas to LK, crof- 
fing the Circle in R, and the Chord XM' produced, in P, then 
will LS, MR and MP become Points, the *£rft having the Pro- 
perty of a Tangent to the Cycloid at LS, the fecond that of a 
Tangent to the Cirde at MR, and the third, the Properties of si 
Prodaflion of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO: Produce alfo the Point 
RM, till it meets XN, a Tangent to the Circle at X. The» 
will the Lines XN and QS, being each perpendicular to the Dia- 
meter DX, be parallel ; and the Triangles MNX and MPR will 
be fimilar ; as having their Angles at M vertical, and at P and 
X alternate. Bur the Tangents NX and NM are equal (by 36. 
Elem. 5.) the correfponding Lines therefore PR and RM in the 
other Triangle, are fo too : This laft Triangle is therefore an 
Ifofceles one ; and therefore RO being perpendicular to its Bafe 
MP, MP is equal to twice MO. The Tangent LS is parallel 
to MP, (as being by Lemma 5. parallel to MX) and therefore 
equal to it, the Lines LK and SQJ)eing parallel : It is therefore 
equal alfo to twice MO. But LS is the Difference between the 
cycloidal Archs XL and XS ; and MO is the Difference between 
the Chords XM and XR, for fince XO and XR are clofe toge- 
ther, RO which is perpendicular to one of them, may be con- 
fidered as perpendicular to both : The Difference therefore between 
any two Archs of the Cycloid is twice tha^ which is between 
two correfponding Chords of the Circle ; aifd confequently any 
Arch, as XL, is double of the correfponding Chord XM. 
Qi E. D. 

Coroli. Sincc' when the Arch XL becomes XB, the corref^ 
ponding Chord XM becomes XD the Diameter of the Circle 
DMX ; its obvious, that the Semicycloid BX, or AX, is equal 
to twice DX the Diameter of the generating Circle DMX. 

LEMMA VH. 

If a Body defcends in a Cycloid, the Force of Gravity (fo far 
as it a6b upon it in caufing it to defcend along the Cycloid) will 

bo 


1 

J 
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PRdPOSlTiON II. 

The Time in which a Pendulum vibrating 
in a Cycloidj performs a Vibration^ is to tht 

> t 

be proportionable to the Diihnce of the Body from the Weft 
Point of the Cycloid. 

Dim. Let the Cydoid be AX2 (Fig. 5.) whofeBafe ie AB^ 
and its Axis DX, on which laft as a Diameter, defcribe the ge- 
lierating Circle DQX : Draw the Chords 0X and QX ; through 
the Points O -and Q, and parallel to the Axis AB, draw the 
Lines LS and MR ; draw alfo the Tangents LV and MY. Then 
becaufe-by Lemma 5. the Tangent LV is parallel to OX, and 
the Tangent MY parallel to QX, its obvious that Gravity exerts 
the fame Power or Force upon a Body defcending in the Cycloid 
at L (becaufe it then defcends in the Tangent LV) as it would 
do upon the fame Body defcending along the Chord OX .* And 
for the like Reafon, it exerts the fame Force upon it when it 
tomes 'to M, that it would do if it were defcending. along Q^t 
But (by Lemma 3.) the Power or Force of Gravity upon Bodies 
defcending along the Chords OX and QX, are as the Lengths of 
thofe Chords ; that is, by Lemma 6. (halves being proportion- • 
able to t&eir wholes) as the Length of the Cycloidal Archs L^ 
«id MX. The Force therefore of Gravity upon a Body def- fi 

cending in the Cycloid at the Point L [or any other] is to its ^ 

Force upon the fame when at M |^or any other Point] as the Space 
or Diftance it has to move over in the former Cafd before it gets ] 

to the loweft Point X, to that it has to run over in the la^teti 
before it arrives at the iame Point. Q^ £. D* 

Demonftration of the Propofition in the Text to Mviicb this 

Note refers. 

By Lemma 7. The Force of Gravity fo far as it caufes a Body 
to defcend in a Cycloid is proportionable to the Di dance of that 
Body from the loweft Point ; imagine then that Body to be a 
Pendulum vibrating in the Cycloid, then whatever Point it fets 
out from, it will by Lemma 2. come to the lowed Point in the 
fame Time: And confequently fince the like is true as to its ai« 
cending from that Point, all its Vibrations be they large or 
fmall, will be performed in the fame Time. Q;, £. D. 

Time ^: 
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*rimc in which a Body would fall freely thro* 
half the Length of the Pendulum, as the Cir- 
cumference of a Circle is to its Diameter (6). 

]?ROB* 

(i) To ^emonftrate this^ the following Lemma's will be of 
Ufe. 

LEMMA VIII. 

If in ^ right-angled Triangle, as BFG (Fig. 6.) the Perpcn- 
dicalar FI be let fall from the right Angle to the Hypothenufe 

BG, the Line BI maltiplied bv BG will be equal to BFq. 

Dem, By 8. FJem* 3. the Triangle BFf and fiFG are fimilar, 
confequently BI is to BF, as BF is to BO^ and therefore BI x 

BG = BF^. a E. i). 

L E M M A IX. 

If a Body defcends along a curve Line,* as AX (Fig. 7.} it 
ivlll acquire the fame Velocity that another, or the fame Body^ 
would do, by falling from an equal perpendicular Height in the 
line DX' 

. Dem, Parallel to the horizontal Line AD, draw the Dnes BM 
and FN contiguous to each other ; in confequence of which, 
the Lines MN and BG are capable of being conddered as Points } 
and therefore the Velocity the defcending Bodies pais over them 
%vithy as uniform 1 and the curve Line BG, as a flfaight Line 
alfo, and Sis a Tangent to the Curve AX at the Point BG. 
Things being thus, &t it be fuppofed that the Bodies begin their 
f'all at B and M, or^ which comes to the fame Thing, that they 
have equal Velocities at thofe Points : Then the Velocities of 
the Bodies being uniform and equal to e^ch other, (for there is 
' no Acceleration in a Point) the Lines BG and MN may repre- 
fent the Relation the Times they are paffed over in bear to each 
other. Parallel to DX draw BF, and let the equal Lines BP 
and MN reprefent the Force of Gravity ading perpendicularly 
at thofe Points ; and let the Force BF be refolved into two others, 
w%. BI and IF, the one parallel, thexither ^rpendicular to the 
Carve of the Body at B : It is only the former of thefe, «iz. 
BI, that accelerates the Body along the Curve BO ; the other* 
<v/2. IF, neither accelerates it nor retards it, but is wholly {pent 
in preffing the Body dofe to the Sur&ce BG, if it be a Surnce ; 
or in ibetching the String which keeps the Body in the, Coorfe 
ABX, if it be a String. Now the Velocity a Body acquires by 
moving over any Space^ is proportionaUe to the Force that a£l9 

B upon 
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upon it, multipHed by the Time that force a6b. Sinec theii 
BI repiefents the F6rce in one Cafe, and MN the Time in the 
other, it follows that the Velocity generated in one Cafe, is aa. 
BI X BG ; and in the other, as MN X MN ; or fince BF and 
MN ai« oqual, as the Quantities BI X BG and BF X BF, (or 
BF^) which Quantities by Lemma 8. are equal to each other. 
The Velocity therefore the one Body acquires by defcending along 
BG, is equal to that which the other acquires bv fidiing through 
MN : Bat the Lines BM and ON being parallel, it is obvious 
there is the fame Number of BG*^s in the Curve AX, m of MN's 
in the perpendicular DX ; the Velocity therefore which a Body 
would acquire by filing throash one, is equal to that which it 
would acquire in filing through the other. Q^ £. D. 
• DemonJIratiott of the Fropofitiou. Let AXB (Fig. 5.) be the 
Cycloid the Pendulum vibrates in. Then by Lemma 2. conk- 
pared with Lemnia 7, we have 

The Time a Body, would defcend 
irom A to X in, is to the Time 
it would move over the fame Space 
in with its laft acquired Velocity, 
as the Semidrcumference of a Cir- 
cle is to its Diameter. ^ 
AX is equal to twice DX. 

3 The Velocity a ^ody acquires by fal- 
ling ^om A to X, is equal to the 
Velocity it would acquire by fal- 
laft ling from D to X. 

The Time a Body would defcend 
from A to X in, is to the Time it 
would move over twice DX in, 
with the Velocity acquired by a 
Fall from D to X, as the Semi- 
circumference of a Circle is to its 
Diameter. 

5 The Time a Body would move over 
twice DX in, with the Velocity 
acquired by falling from D to X, 
is equal to the Time it would fall 
from D to X in. 
The Time a Body would defcend 
from A to X in, is to the Time it 
would fell from D to X in, as the 
Semidrcumference of a Cirde is 
to its Diameter. 

frotqf 


By the Corol. of Lem- 
ma 6. 
By Lemma 9. 


From the three 
compared 


By Part 
§7- 


I. Chap. 5, 


Comparing the 4th and 
5th 


J 
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PROBLEM. 

To make « Pendulum vihrate in a given 

Cycloidi 

Solut. Let AXB (Fig. 5-) be the gi\ren Cy- 
cloid 'y its Baic AB, its Axis DX, and its ge- 
nerating Circle DQX, as before: Produce XD 
to C, till DC be equal to DX : Through C 
draw the Line EF parallel to AB, and take 
CE and CF^ each equal to AD or DB; and 
on the Line CE as a Baiie, and with the gene- 
rating Circle AGE equal to DQX, dcfcribe the 
Semicycloid CTA, whole Vertex will there- 
fore touch the Bale of the given Cycloid in A. 


Prom the Figure 

Prom the Solution of 
the following Pro- 
blem it will appear, 
that 

Comparing the thret 
iail Steps 


Deubling the Antece- 
dents t£ the laft Step 


8 


The Time of Defcent froip A to X 
is half a Vibration. 


10 


DX is half the Length of a Pendu- 
lum, which in vibrating fhall de- 
fcribe the Cycled AXB. 

The Time of half a Vibration is to 
the Time ia which a Body would 
fall freely through half the Length 
of the FenduluQ^ as the Semicir-' 
cumference of a Circle is to its 
Diameter. 

The Time of. an whole Vibration is 
to the Time in which a Body 
would fall freely through half the 
•Length of the Pendulum, as the 
Circumfereoqe of a Circle is to its 
Diameter. Q^ £. D. 


Ba 


And 
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And on the Line CF alfo as a Bafe, defcribc 
an equal Semicycloid CB. On the.Point C, 
hang the Pendulum CTP equal in Length to 
the Line CX : And let the upper Part of the 
String of it, (as CT, ia its prefent Situation in 
the Figure) as it vibrates this way and that, 
apply itfelf to the cycloidal Cheeks C A and CB : 
Then will the Ball of it P olcillatc in the gi- 
ven Cycloid AXB. Q^ E. F. (c). 

CHAP, 

(c) Draw TG and PH, each parallel to the Bafe AB; and 
join the Points AG an(l DH. Then by the Corollary of Lem- 
ma 6. - - - - 

By the Figure (DC being equal 

toDX) 
Comparing the id and 2d Steps 
By Conflru^lion 
Comparing the 3d and 4th 
From the 5 th Step compared with 

the Figure ; 
(The String touching the Cycloid 

atT)by Lemma 5. 
By Conilru£tion 
Prom the two laft Steps compared, 

GATK is a Parallelogram, 

confequently 
By Lemma 6. 

Comparing the two laft Steps 
Comparing the 6th and nth 
From the i2ch Step compared 

with the Figurjs 
Comparing the laft Step with the 
' Figure 


From the laft compared with the 
Figure 

Comparing the laft with the Fi- 
gure 


1 

3 
4 
5 


7 
8 


9 
10 

[I 

12 

I 


'5 


16 


AC=r2AE 

2 AE = CX 
AC = CX 
CTP = CX 
AC = CTP 

ATzrTP 

GA is parallel to TK 
GT is parallel to AK 


GAtrTK,andGT=AK 
GA = i- TA 
TK = « TA 
TK=:4.TP 

TK = KP 

The parallel Unes GT 
and PU are equally dif- 
tant from AD 

The Arch GA =5= the 
ArchDH 

The Chords GA and DH 
are parallel, andGE= 
HX. From 
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C H A P. 11. 

Of the Center of Ofcillation and Per- 

cuflion* 

rfl E Center of Ofcillation is that Point 
in a Pendulum, in which, if the Weight 
of the fcveral Parts thereof were col- 
leded, each Vibration would be performed in 
the fame Time, as when thofc Weights arc 
feparate. 

< The Toint or Center^ of Sufpenfion is the 
Point on which the Pendulum hangs. 

A general Rule for finding the Center of 

Ofcillation. 

If fcveral Bodies be fixed to an inflexible 
Rod fufpended upon a Point, and each Body 


KP is parallel to DH. 


From the yxh and i6(h Steps com- 
pared with the Figure 1 7 
And therefore (KD ^ing by Con- 

fbudion jparallel alfo to PH) 

KDHP is aParallelogram» con- 

feqaently 1 8 

By. Lemma 4. 19 

Comparing the 9th and 19th 20 
By the Defcription of the SeiDi- 

cydoid CTA 21 

Prom the two lafl compared with 

the Figure 22 

Comparing the 1 8th and 22d 23 
Comparing the i6th and 23d 24 

But by Lemma 4. if PH be equal to HX, P is a Point in the 
Cycloid AXB 1 the Ball of the Pendulum CTP therefore bein^r 
at that Point, is in the given Cydoid. The Problem therefore 
was rigbtly folved. Q;, £. D. . 

be 


KD = PH 

GT =s the Arch AG 

AKs; the Arch AG 

AKD = AGE 

KD=:GE 
PH = GE 
PH=:HX. 
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be multiplied by the Square of its Diftancc 
from the Point of Sufpcnfion, and then each 
Body be multiplied by its Diftance ftom the 
lame Point ; add all the former Produds when 
added together, be divided by all the latter 
Produds added together, the Quotient which 
ihaUi arife from thence,, will be the Difiance of 
the Center of OfciUation of thofc Bodies from 
the faid Point 

Thus, if CF Fig. 8. be a Rod on which 
are fixed the Bodies A, B, D, &e. at the fe- 
veral Points A, B, D, ®c. and if the Body A 
be multiplied by the Square of the Diftance 
C A, and B be multiplied by the Square of the 
Diftance CB> and io on for the reft : And then 
if the Body A be multiplied by the Diftance 
CA, and B be multiplied by the Diftance CB, 
and fb on for the reft ; and if the Sum of the 
Produ^ arifing in the former Cafe, be divided 
by the Sum of thofe which arife in the tatter, 
the Quotient will give CQ, the Diftance of the 
Center of OfciUation of the Bodies A, B, D, 
^c. from the Point C (d). 


(d^) Defn. That thePiocefs may be left complicated, let us 
fuppofe hut two JBodiea, as A and F, fixed to the Rod CF i and 
let AI and FL be the Archs which the Bodies A and F defcribe 
when the Pendulum vibrates, and let the Pendubm be removed 
into the Situation CL« Coatigaoas to the Line CL draw CRi 
then may the Archs IP and LR be confidered as Tangents at 
the Points I and L, and thofe Tangents as inclined Planes, down 
which the Bodies I and L are to roll : Thefe Tangents being 
fach perpendicular to CL, are eqaally inclined to the Horizon, 
the Itedics therefore will endeavouf to roll down with equal Vc•^ 
locities ; but this they cannot do^ becauie being fixed to. the in- 
flexible 
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flexible ^od, they will iiefcpibe the unequal Areh IP and LR in 
the fame Time. That is, the Body L 'will oblige the. Body I 
to defcribc a lefs Arch than it otherwife would have done ; and 
the Body I will occafion the Body X to defcribe a larger Arch 
than ic would have done. And the Effedls of the Forces by 
which they aft thus upon each other, like thofe of Aftion and 
Readtion, will be equal. It remains to determine thefe Efiefts. 
In twrder to which, parallel toll]! draw MN, and let the 
equal Spaces L^ and IN' be thofe the Bodies wQ^ld move over 
in the leaft Time poffible, had they been independent of each 
other. And let the Archs LR and IP be thofe which the Bodies 
joined to the Rod defcribe in theifame Time. For the Reafon 
jaft mentioned, the former of th^fe <viz, LR, will be larger, 
and the latter, 'viz,. IP, will be lefs than LM or IN ; and the 
Areh, which the Center of Ofcillation defcribes will be equal to 
LM or IN, becaufe the Center of Ofcillation defcHbes that 
Arch, which the Bodies would defcribe in the fame Time, if 
they were both together, and neither of them an hindrance or 
fhrtherance to the other. Confeqaently, the Center of Ofcilla- 
tion is at Y, where the Lines MN and PR crofs. 

Now the Motion which the Body I lofes by being retarded, 
is its Motion over the Arch PN ; and the Motion the other JBody 
gains by being accelerated, is its Motion over MR : The Force 
or Moment of the firft of thefe Motions, is the Produft of th^ 
Body I multiplied by the Space PN ; and the Force or Moment 
of the laft is the Produft of the Body L multiplied by the Space 
MR. Thefe are the Forces, Moments or Anions, which retar^ 
the one Body, and promote the Motion of the other. But ob^ 
ferve, that thefe Forces or Moments, in as much as' they aft at 
different Diftances from the Center C, about which the Bodies 
I and L, when the Pendulum fwings, do revolve; have each 
their Mechanical Advantage; but the one a greater than the 
other : For inftance, L has an Advantage which is as LC, its 
Diftance from the Fuhhrum C ; and I only the Advantage IC. 
As then in determining the EfFeft of a Power applied to a Lever, 
we multiply it by its Diftance from the Fulchrum ; fo the above- 
mentioned Forces or Moments (<vi%.. I multiplied by PN and L 
multiplied by MR) muft be multiplied by their reipeftive Dif- 
tances from C ; and then we have I multiplied by PN multiplied 
by IC, and L multiplied by MR multiplied by LC for the Ef- 
ft6ks^ which, as things are circumftantiated, thofe Forces or Mo- 
ments have upon the Bodies I and L. But, as obferved ^ab^ve^ 
Ihofe Effcfts are equal, confequently we have for the firft Step 

: I I I I X PN 


PN:MR::PY:RY 
IXPYXIC=LXRYXLC 


PxPy X PC =: R X RY X RC 
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The Center of Tercuffim is that Point in a 
Pendulum^ or in an inflexible Rod moving 

I X PN < IC = L X MR X LC 
Bat die Triang;ltt PNY 

and MRY are fimilar^ 

coofeqaentl/ 
Comparing the two laft 
Or taking the Peadulom 

in the Situation CPR, 

in which I coincides 

with P, and L with R» 

we have 
Or* which is the fame 

thing 5 AXAQxAC=FxFCLxFC 

That is^ in Words^ if one of the Bodies were multiplied by 
its Diilance from the Center of Ofcillation, and the Prodad ari- 
fing from thence were multiplied by the Diftance of the fame 
Body from the Center of Sufpenfion, this lail Produd would be 
equal to theProdu^l of the other Body multiplied by its Difianoe 
from the Center of Ofcillation, multiplied by its Difbmce firom 
the Center of Sufpeniion. And, fince the fame would be true 
if there were more Bodies, if each Body be multiplied by its 
Difiance from the Center of Ofcillation, and that Produd by the 
Diflance of the fame Body from the Center of Sufpenfion^ all 
the Produfb relating to the Bodies on one Side the Center of 
Ofcillation taken together, will be equal to all thofe which re- 
late the Boc^es on the other Side thereof taken together. Let 
then the Difiances of any Number of Bodies, as A, B, D, F, 
from the Center of Sufpenfion be called «, hy i^f^ refpe^tively. 
and the Diftance of the Center of Ofcillation Q from the Center 
of Sufpenfion C, be called x : And fuppofe the Diftances of the 
Bodies A, 6, D, lefs than the Diflance CQ^ or at; and that of 
the Body F greater, as in the Figure : Then will the Difbmces 
of A, B and D from the Center of Ofcillation be expreffible by 
X — tf, *^— ^, and X — </; and the Difbnce of F, hyf—x ; mul- 
tiplying then each Body by its Diftance from one Center, and 
the Produd arifing therefrom by the Diftance of the fame Body 
from the other Center, we fhall have Aax — Aaa -h J^x — 
Bbb 4- Tydx — jyddzzz ^ff—Yfx^ which reduced gives x = 

' iU + fl^ + U^-iTi/ - Which btter Equauon IS the Senfe 
•f the Rule above laid down. 

round 
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round a Point, with which, if the Pendulum 
or Rod ftrikps agaiuft an ^Qbftacl^ no Jar or 
Shock at the Point of Su%ftcnfion fliall be oc- 
cafioqeA thereby. , , 

Thus,,^letCF (Fi^. 8.) ht an inflexible Rod, 
Jiaving f he Bodies A, B;, B, Qfc. fi^fc;! ip ;t 
at thePbiits.A, fi, D; (^-c^ and let jO fee an 
Obftack: ag^ittft which^ as it vibrates; o^ fwrngs 
Yound fli'e Point of ^Sbiperifion C,:*it xnijy 
ftrike againft : then, if therd be tidf Jar or 
Shock Oijqifigped thereby at the. Point C,^ the 
Pont, that Itrikes agaisll^Qi (as tl^e, jPiDint C^ 
fuppofe) is called the C)e^ebr of Pertuffion. 


* ) . . . ! 
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The Center of Pdroaffion ii tho^fttne with 

die Center of Oscillation; ;j; and cdniequently 
may be d^eraiined by the fame. Rule f ^J. , , 

Pros. 

{$) Dem, Wx<m ^ Defini tion of the QiUtr rf PercoiEoii 
above laid dQWOiiit-flcppcai-s, th;^; tl^e Forces, With which the 
Bodie» A,: B ai)d P» which would pafs^ at>oye 0| move ; mail 
be a Coanterbdsifi^ to the Force o^ti^e Body F, w^ich vfould 
paft below it : and that the Fort^e of F nwft be a Covuuetbaiance 
to chepi* But the Forces wherewkh tboie Bodies, move, are 9s 
.their Mafles molti^li^ bx their. Di^aoces from C, their Vejo- 
cities beina; as the(e Oiftaiice$. Farther, when the Point (^ 
coma to 0» and is ftoot th^rq^ the Bodies A, B arid D, en* 
deayouring .ip gp Qn, iway pr |t)ear. againft Fy ^d F agawA 
them ; juft as >f. they. vitx$ fixed to a JLever, as A^, li^ving its 
. Fulcbrum at Q^..; Co^kf^uently thie^Porces of the/ormjpr Bodies, 
ib far as they a^ agaiiUI the latter, are as their Diftfi^s from 
the Point Q » .«ivd ^hc Force of ih« latter, fo far as it a^s againft . 

C " ' the 
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PROBLEM. 

Let it be required to find' the. Center of 
Ofcillation, or Percuffion of an inflexible Rod 
AB (Fig- 5>. as a Bar of Iron, or the like) 
cwctj where of equal Size, and vibrating in, 
or revolving round the Point A, .as a Center of 
Sulpchfion. (/) 

the termer, is as its Dlilaiice alfo from QJ^Sck^ 
Forces muft therefore be multiplied by thi Diftances of the 
Bodi^.ftq9ii.Q: but the former. of them, as obfehred above, . 
balances the latter ; and the latter them. So many'therefore of 
the lail Produds as relate to the Bodies above Q uken together, 
muft be equal to that which relates to the Body (pr Bodies) below ^ 
it. Bat the like Ph)d«l£b Were equal to each other, when the 
Point Qjvas looked upon as the Center of OfciUation (as in the 
kik Step cf .the foregoiilK Pracefs) conlequently the Center of 
percuffion is the fame with that of OfciUation. Q^K D. 

(f) Solut. Imagine the Rod to be divided* into the leaft poffi- 
bleFtotsB, C, D, ^r. each of which call Ou. .ThereRiirts 
.we may confider as fo many Bodies contiguous to one another ; 
fo that the Center of OfciUation or Percuffion of thefe Bodies 
will be the Center of OfciUation or Percuffion of the whole Rod. 
To lihd this, we are by the Rule above laid /down in the Text, 
to multiply each of thefe Bodies by the Square of its Dtftance 
from A. The firft of thefe Produfts then will be B (or One) 
multiplied by AB fquared ; but one multiplied by AB fquared, 
is the fame with AB fquared ; now AB fquared is a fqoare Area 
or Surface, one of whofe 6ides is AB. In like manner the 
Body C, when multiplied by the Square of ifes Diftanee from A, 
is a Sq&are Area^ one of whofe Sides is AC^ fomewhat lefs than 
the former. Imagine this Area laid upon the former ; and the 
next, which will be lefs ftill, laid upon that i and fo on till 
you colne to the leaft of all. -Thefo will make a Pyramid, whofe 
Bafe is the firft Area, and its perpendicular Height will be 
equal to the Thicknefs of them all xiog^tr % which THlcknefs 
will be as the Length 4>f the jLine BA* The Value 9r folid Coa- 

tent 
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tent ef this Pyramid w3I be A^^ {wx. its Bafe) maltiplied by 
a third Part of AB fits perpendicular Height). In the next 
Place we are to maltipiy each of thofe Bodies by its Di^nce 
from A : Now the Body B (or One) maltiplied by AB, give a 
line, as AB ; fo the ProdaA of C» multiplied by its Diftance 
AC, give a Line, as AC ; thefe Lines heaped one upon ano* 
ther (as the Areas were bcdfore) will make a Triangle, whofe 
Bafe will be AB, and its perpendicolar Height alfo AB ; the 
Value, or Area pf which, will be AB niultipUed by I AB. In 
the Jaft Place, by the Rule, we are to divide the Sum of the 
Prodsds in the BrU Cafe, by the Sunt of the Produ^ in the 
latter ; that is, the Cbntent of the Pyramid by the Area of the 

Triangle ; that is, ABf x i Ap, by ' AB X i AB, which gives 

■*• A B 

-; that is, ^ AB, or two Thirds of AB: fo that the 


I" 

T 


pittance of the Center of Ofcillation or Percuffion, (as E foppofe) 
from A the Center of Sufpenfion, muft be equal to two Thirds 
of 4B^ the whote Length of the Rod. Q^E. L 
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CHAP. I; 


Of the Pba^nomena which ari/e fi^Qift 
the mutual AEiion of the Particle^ 
of Fluids upon one dnother. 

1. TT N the former Part or this ElTay, J Wve 
I laid down and explained the gericr;^ 
"*" L^-zc^j of Nature^ and ftom thence de- 
duced thole Phacnomena, which are in a ftrift 
and proper Senfe * denominated Mechanical t 

I pTO^' 

. • In a larger Senfc, all the EiFefts and Operations of natqral 
Bodies upon one another m^y be called Mechanical ; as being' 
all fabjed to the general Laws of Motion. In Hydroftatics 
Fluids are governed by the Laws of Mechanifmi as much ai^ 
itit Mechanical Powers themfelves are ; the fame holds of the 

. A Ray/ 
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I proceed now to an Explanation of fuch, as 
Philolbphers have comprehended under the 
Name of Hjtdroflatics ; the Intention of which 
is to explain the Nature of Fluids^ and the 
Manner wherein they aft upon one another, 
and upon Solids. 

II. The Nature. df a Fluid^y as diftinguiflr-i 
0d 6*001 that of a Solid^ or hard Body, cohfifts 
in this, vis^ that its Particles are lb loofely 
ttmneftcd together, that they readily move 
out of their Places, when prefled with the 
leaft Force one Way more than another f. 
From . whence Philofophers conclude,, that 

they 

Kays of Light, as will be feen when we come to Optics ; and 
in the larger £odies of the Planetary Syflem, MecKanifm equal- 
ly prevails, as has been demonftrated by Sir Ifaac Newton i 
«rhich^ we ihall endeavour to make out when we treat of tfa« 
rhylical Caufe of the Motion of the Heavenly Bodies. 

* Some Philofophers make the following Diftin£lion in 
Fluids ; thofe which; Haw or fpread themfehes till their Surfaces 
become level or horizontal, they call Liquid % in Contradiftinc- 
don to Elame, Smoak^ Vapour, ^r. which are alfo Fluids, but 
8a not inquire iuch a Surface. Thofe, which are capable of 
i^citiflg in us the Idea of Moiftnefs, as Water, ^c, they 
call HumtJ, dillinguiftiing them thereby from Air, Quickfilver, 
and' melted Metals. But thofe Diftinftions afe quite unneceffary 
toa'Ehilofqphical Senfe;.the Surfaces of ail Fluids being level, 
>vhen not prevented by the Bodies about them ; and Humidity 
is only, a relatioje Quality ; for tho' Quickfilver Will not moiden, 
X>f ftick to a Man's Fingers, it will to Silver or Gold. 

' .-f The common Definition, Fluidum eft cujus partes impreffionl 
xuicunque cedunt, fcf cedendo facillime mo^entur inter fe^ thoug]i 
It exprelTes very well the Nature of a comprejjible Fluid, as Air, 
yet does not correfpond to that of Water, whofe Parts have 
ocen found to yield to no Force, with which they have been 

compreiled. 
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they are exceedingly minute, fkiooth, and 
round ^; k being otherwiie impoffible they. 

fhould 


€omprefled» nolda it was greater on one Sidethan on tlie^otliqr. 
The Definition therefore feems imperfect, as not expreiling that 
Inequality cA Preflure, which is requifite to move the Parts of 
fome Flttids one among another. 

* It is commonly obTerved that the Roundnefs of the Parti« 
, des coadnces very much to Fluidity, not only as it difpqfes.them 
to move one among' another vnth -greater Facility^ bat rbecanfe 
Mxmd Bodies touching one another in few Points only, /the 
Force with which they mutually attrad each other^ is the weaker* 
But, npon this Suppditiony the Particles of a Fluid ought \m 
move with lefs Freedom one among another, hy how much the 
greater the Weight is, with which they are comprelTed, (for it 
is the fame thing in this refpedl, whether they prtfs againft each 
ether by Virtue of their own AttraAion, or by fome external 
Force) but of ^is we have no Experience, h Diver, upoa 
plunging out of hisBeH at the Bottom of /the Sea, never findt 
the Water lefs fluid, notwithftaniding the great Prefliire from 
above, Mr. Boyle having caufed a Tadpole to be put into a 
Veflfel of Water, and to be prefTed with a very great Force, tells 
oSy that in Appearance it found no Inconvenience from thcnc^ 
but fwam about with the fame Freedom and Brifknefs as ever. 

Quere, Whether the Particles of which Fluids confift, are ia 
0>ntaft with each other, or noti Perhaps, they are prevented 
from approaching, nearer than to a certain Diftance, by a re- 
pelling Power, difitifed around each iingle Particle. The Ob« 
Unrvation, that Watec is not rendered lefs fluid by PreflTure^ feems 
10 fevoar this Opinion ; and the Property, which the Air has of 
expanding or contra^mg itfeif, according to the Weight which 
it fuftaans (as ihall be fliewn Chap. 3.) proves beyond Contra- 
di£lion, that its Particles are endued with fuch a Power. But 
then if the Particles of all Fluids have this Power, it will follow 
t^t they ought to be in fome Meafure capable of being reduced 
into lefs 'Space by Preifure, as Air is; which they have not as 
yet been ihewn to be. Further, flnce it has been proved (Part 
I. Chap. 3.) that if the Parts of Fhiids are placed juft beyond. 
&eir natural Diftances from each other, they will approach and 
run together, and if pUiced farther afunder ftill, will repel each 
«theri it foUowSf upon the foregoing Sixppofltion, that each 

A 2 / . Particle 
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iiopild move with fudi Freedom one am^ong 
jspothor, upon the leafi Inequality of PrefTure. 
\ IIL Thole Particles, confidered feparately, 
are endued with all the common Properties 
(C^Matter, and fubjed to the &me Laws of 

MotioQ 

Biiticle of a Fluid maft be fnntmnded with thw Spho-es of 
Attra£lion and Repalfion one witlun anotlier : the innermofl of 
wbidk is a Sphere of Repalii<H>9 which keeps tbem fjoip ap- 
proaching into ContaS ; the next; a Sf^eie of Attradion dff- 
ned aroand this of ftepaliion, and begtoning where this endH 
hf which the Particles are difpoTcd to ran together into Dr(^ ; 
&e botomoll of all, a Sphere of Repulfion. whereby they repel 
fach other, when removed oat of that Attrai^ion. 

KoWf if this Hypotktfis ihoald be foimd to jbc true ; and w^ 
inight. agreeably to the aboye-mentioned Confequeoce of it, 
ihppofe^ ^at the Puticles of all Bodies actrad and repd 0K:]i 
other alternately at diffisrcDt'Diftances, perhaps we inight b& 
able to folve a great many Phenomena relating to fmall Bodies, 
which now lie beyoad die reach of our Fhilofophy. However^ 
tipon the Suppofition of the three Spheres of Attra£fcian ai^d Re- 

Julfion juft mentioned, nothing is more eafy, than to. feie. how 
olids may be converted into Fluids^ and Fluids into Solids ^a^ 
' II done in Liqnefiidion and Freezing) ; lor allowing, that t}ie, 
ifirft or innermofi: Sphere of RepuUion is capable, like th^ o| 
the Particles of Air, of being augmented by Heat^ and diminiib- 
<Sd or totally fufpended by Cold ; it follows that Bodies imi^ 
1)6 more or lefs fluid, in Proportion to the Degree in whick 
they are a^£led by Heat or Cold : fi>r when the Aj5kioB of thie 
firft Sphere of Repulfion is dimini(hed or de^royed by Cold« thf;. 
l^rticles of the Fluid muft neceflarily be brought intp dofer 
pontafl with each other by the Force of the circumambieiil 
Attraftion, and by that means confUtute an harder Body than, 
before. But, we mnft not dwell too much upon an Hypoth^V 
^hidh wants Proof^ I (hall only add, that altho' fome Fluids, 
as Water, have not been as yet cdntra<Eled in their I>iiaeQfi(m, 
ior made to take up hfs Space thui they naturally do, by. ^f- 
^orce with which they have been comprefTed by '^/ ; yet there 
lire none but are naiurally contradied by Cold, from whence \i 
foems reafonable to infer» that their Particla are at lead capahh: 
of being brought into doCer Contad, which is fome Conto«a- 
tjon of this Doftrine. 
"/" ' * ' " " It 
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Motk^ and GravitatilDn vkh larger Bodies; 
To^iqiiiirerfierdbrc into tiie Natuie of Fluids, 
is to ponfidei, what Aj^pearnices a Colfedion 
1^ very imaU round Bodies, futjed to tfaole 
Laws, will exhibit wider different Girccifa^ 
fimices. la order to which, it \& ufbal with 
Hydraftatical Writers to coniider a Fluidi^ as 
dividdi ialx) ieveral perpendicular Cohrnins 
contiguous to each otber. Sometimes it 19 
conveiuent to conceive it divided mto thin 
l%2Xa cff ^rata lying upon one another. In 
ibme Cafes, the fame Fluid is confidered, as 
difiinguiflied both thefe Ways, viz. into per** 
pendflcukr Columns, and alfi) into thin Strata 
or Fktes. Figure \. repre^ts a Veliel filled 
with a. Fluid to the Height £F, and divicfed 
into the Columns 6H, IK, LM, ^. and aUb 
into thcStrata RS, TV, X Y, ®c. 

IV. Fitom this Obfervatioo, concerning the 
Firc^ities of the Particles confidered ieparate-^ 
hr, immediately refults the folbwing Fropo^ 
irticm, w;^. that in a Vcflcl, whofe Form is 
iiithas is reprefen^ed by ABCD, {Ft^. i.) the 
Quantity of PreiEire, which each ^xatqiin fui^ 
tains from the Weight of the incumbent 
Fluid^ ism Bropbrtion to the Number of thole 
* * • 

j[t is ao ehtripos Objodimi to thi^, that Water bv frecBsmg is 
undented in its Bulk ; hot this may be owing to thofe Bubbles' 
or VacditieB^ obferVable in the Water after it is frozen, which 
i|^e 9p^ sti & M^ae ; avd not tp a^y geo^al apdiiniibrm Re-. 
mpval of the Particles of the Fluid &om each other, ^hich . the 
Ohjedion, if it is of any Force againft what has been advanced,' 
mofi fuppofe. 

' Strata, 

V « I i ■ - -^ 
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Strata, which reft upon it, that is, as the Height 
pf the Surface of the Fluid above itj for if 
we fuppofe the Strata of equal Thicknefs, the 
Quantity luftained is proporcipnable to the 
^Number qf Strata of \\4*ich it confifisi 

V. When the Surface of n Fluid is horizon- 
tal or level, each Particle therecrf" is diipofed 
to continue in its Place, being fuftained tfaerey 
ki by the contiguous ones* 
. Let the Fluid be fuppofcd to be divided 
into Strata, each of the Thicknefs of a Parti- 
cle of the Fluid ; and if the Truth of this 
Propofition be denied^ let the Particle mn be 
one of thofe which is not fuftaincd in \%^ 
Pkce by the contiguous ones, but . is moving 
firom thectte towards Ibme other Part of the 
Veflel, v..g. towards D. Now, fincc all the 
other Particles of , that Stratum are at an equal 
Depth below the Surface of the Fluid with 
this, they alio fuftain ah equal Degree of Prc(^ 
lure (by the laft Propofition,) confequently for ' 
xhit iame Reafon that one of them is moving 
towards D, the reft miay all be laid to be 
moving in the iame Direftion: But this can^r 
not be true of the whole Stratum, while the 
Veflel is entire, and therefore of none of its 
Parts. Now, the like Reafoning wiD hold a- 
gainft the Motion of the Particle mn towards 
any other Part of the VcflTel ; from whence it 
follows, that each Particle of the Fluid is 
fuftaincd in its Place by the contiguous ones, 

and 
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and therefore difpofcd to' continue at Reft.* 
VI. From hence is derived a fundamental 
Propofition in Hydroftatics, w«. That when 
the Sutface of a Fluid is level, whatever PreC- 
fiire any fingle Particle or fmall Portion of it 
fuftains from the contiguous ones on one 
Part, it fuftains the fame on all the reft ; that 
is, it is prefled by them with an equal Degree 
of Force on all Sides f • 

For, by the Definition of- the Fluid (§. 2,) 
each Particle is difpofcd to give Way, and 
move out of its Place, when the Preflure h 
not equal on all Sides ; and (§. 5.) each Par- 
ticle is prefled by the contiguous ones in fuch 
a Manner, that it is fuftained in its Place there- 
by ; it is therefore prefled with an equal De-* 
grec of Force on all Sides. 
. Cora/. From' hence it follows, that each 
Particle pr fmall Portion of a Fluid prefles 
with the fame Degree of Force ii^ all Direc- 
tions on thofe which are contiguous to it., 
For, by the third Law of Nature, every Par- 

* This (hews us the Abfurdity of fome Philofophera, Who 
make the Nature of a Fluids as contradillingulfhed from that 
of a Solid, to coniift folely in the iuteftine MoiioD of its Particles. 

-j* This Propofition with its Corollary is not flri^Iy fpeaking 
true, unlefs the Particle or Portion of Fluid we fpeak of is fup- 
pofed void of Gravity, for it preiTes downwards with a Force 
equal to the height of thofe Particles which reft upon it, ad-* 
ded to its own ; whereas the Force with which it preifes up-, 
wards is only equal to the Weight it fuflains, o^/x. that of the 
incumbent Fluid. But the Particles of Fluids are fo e5:ceedingly 
ininute, and the Gravity of each fo very fmall, that the Error 
ariilng from hence is infenfible. 

ticlc 
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fide preflcs upon the contiguous ones withe 
the fame l!)egree of Force, with ^hich it is 
|)refled upon by theiQ. 

VIL^ The Surface of a Fluid becomes' level 
by its own Gravity, when ho external Force 
|)rc vents its being fo. 

For, the Particles of Fluids ptefe ih ail Di- 
re&ions with Forces proportionable to the 
Height of their Surfaces (Cor. ^. 6; md J. 4,^ 
tf then the Surface be not level, the^iflfei'ent 
Parts of the fame inferior Stfatum will hd 
preffed not only downwards, bdt fideWays a- 
gainft each other with unequal Forces; the 
greater Preflure therefore overcoming the weafc-^ 
cr, the Particles which luflaih the leaft Pre£-[ 
fure, win be driven out of thcii? Places ancf 
raifed up, till th? Surface becomes level; the 
Surface being level, each t^article will be e- 
quaDy preffed in every Diredion,* (J. 8.> all 
therefore will remain at Reft, atid the Surface 
.continue m that State. * 

VIH; 

* This DemonHratiotiy and alfo both the foregoing, are 
foanded up6n' a Suppofition, that Bodies tend dowYiwards by 
Aeir Gravity ill Lines parallel ta each other, which thoo^H 
phyjicallj true, is not ftridUy fo, their Tendency bdne lowards^ 
the Center of the Earth, and confequently in Lines Which meet' 
in a Point : and therefore, if we would be accurate, the Fluid 
contained in a VeiTel ihould be confidered, as divided into Co- 
lumns and Strata, as reprefented Figure the fecond, where A6D 
is the Earth, C its Center, EFGH a Fluid- contained in a Vef- . 
fel, and divided into Columns, which if continiied dbwn to. 
the Center of the Earth, would there terminal ih a Point C ; 
and into the concentric Strata, ah^ ei^ &c. having the Cente^ 
of the EEu-th for the Center of their Convexity. And theh ice 

ihould 
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VIII. Fluids gravitate in Fluids of the 
lame Kind, 

This Propofition is a neceflary Confequence 
of what has been obferved about the Nature 
of the Particles of which Fluids confift, vis:. 
that they are folid, and endued with the fimc 
Properties with other Bodies. The Realbn 
why their Gravity is not fenfible in the Fluid, 
is becaufe the lower Parts fuftain the upper, 
and hinder them from defcending. But, it 
does not follow from thence, that the Gravity. 
of the uppermoft is entirely taken away, as 
ibme * Philofbphers have imagined ;. for, as 

fiioald find that the Particles of the Fluid will not be in iSqui- 
librio with each other, till all the Parts of its Surface are at 
equal Diilances from the Center of the Earth, forming thereby 
the Sur^ce EP, concentric to that of the Earth. For, fup-. 
pofing the Fluid EFGH continued down to C, fo as to fill the 
Space EOF ; it is evident the Columns, into which the Fluid is 
divided, cannot be of equal Lengths, and therefore cannot be of 
an exadt" Counterpoife to each other, unlefs the Surface £F is a 
Portion of a Sphere, whofe Center is C : but the Adtion of the 
Parts of the Fluid upon each other at the Surface,s is the famtf^ 
whether the lower ParC GCH be a Fluid, or not. Confequendy 
the Surfaces of Fluids are not level or plain, but convex, having 
the Center of the Earth for the Center of their Convexity. 

This Convexity, by Reafon of the great Diflance of th« 
Earth's Center, apprpaches fo near to a Plane,, that in fmall 
Portions of it, the Difference is not fenfible, and therefore may 
be negledled : but at Sea 'tis evident to Senfe-; for when the 
Mariners pat to Sea, the Shore firft difappears, then the lowet 
fiuildingsi, afterwards the Towers, Mountains, l^c. in like 
Manner, when they approach- a diftant Ship, the Top of its 
Mad and Sails appear firft, while the Ship itielf is intercepted 
from their View, by the Convexity of the Water between then^. 

* This was the Notion of the Cartefiam^ who held, that 
when a Fhiid is mixed with another of the fame Kind^ it lofea 
its own Weight thereby. 

B much 
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much as the lovvcr Parts prefi againft the upper 
in fuftkining them ; juft ib much do the upper 
by their Rc^aftron prcls upon the lower. Thus, 
the Weight o£ the whole Fluid is communi- 
cated to the Veflel, which therefoFC weighs^ 
fficording to the Quantity it contains, notwith** 
iknding the PrefTure of each Portion of the 
Fluid, taken jfeparately, feems not to. tfStdt it* 

IX, Tie Preffure of a Fluid is m Propor-^ 
tioato its perpendicular Height, and the Quaii^ 
tity of Surface againft which it prefles, 

This Propofition admits of four Cafes. 

I. When the Fluid h contained in a YtC* 
fel of the fame Dimenfions, from Top to Bot- 
tom, and held in an ered Pofition, as that 
reprefcnted Fig. i.. it i J evident, the Preffure 
of the Fluid upon the Bottom wiJl be in Pro- 
portion to its Magnitude, and the perpedicu- 
lar Height of the Surface of the Fluid above - 
}t. For, conceiving it divided into Columns, 
the Preffure upon the Bottom, by the fourth 
Propofition, will be as the Length or Height 
of the Columns: and it will alfb be as the 
Number of them, becaufc the Qpantity of 
Fluid, which preffes upon the Bottom, is in 
that Proportion, that is, as the Magnitude of 
fhe Bottom preffed upon. But when the Vef^ 
iel is inclined or irregular, the Truth of this 
Propofition is fo far from being evident, that . 
it has been commonly looked upon as a Pa- 

xadox« 

0, Let 
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2. Let the Veflel ABCD (F/V. 3.) be filled 
with a Fluid to the Height EF, and held ia 
an inclined Pofition, as there reprefented ; I 
fty, the Preffure of the Fluid is proportion- 
iblc to the Magnitude ^ the B^ie CD, and 
FG or HD the perpendicular Height of the 
Surface of the Fluid above it 

For luppofing the Fkid divided into the 
Strata EI, KM, LO, ^c. Co far, as the firft 
Stratum EI is prevented from preffing upon 
KI the Surface of the next inferior Stratum, 
by being in fbme Meafure luppor ted by the 
Side of the VefTel FL {o far is its PrefTare 
augmented by the Re-aaion of the oppofitc 
Side EK upon it, which is exactly equal to 
the Aftion of the former, becaufe the Fluid 
preffing every Way alike, at the fame Depths 
below the Surfece, exerts an equal Force a- 
gainft both thefe Sides. The Surface there- 
fore of the lecond. Stratum 1$ preiTcd with the 
fime Degree of Force with which it would be, 
if the Quantity of Fluid contained in the for- 
mer Stratum was included within the Space 
HKQI, which is exadly equal to it, as having 
the fame Bafc KI and che fame perpendicular 
Height QI*. Now, this being true of each 
Stratum, tlieix Preffure upon CD the Bale of 
the Veficl is the fame, as if they were all 
placed perpendicularly over it, and filled the 
fpace RHGDj which they would do, fincc 

♦ 31. £/. II. 
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the Sum of their perpendicular Height QT,KS, 
LT and NV are equal to HD the perpendicu- 
lar Height of this Space, and each of their Ba- 
fes KI,LM, C^c. is equal to CD its Bafe f . 
But,, by the foregoing Cafe, if the Space 
RHCD was filled with a Fluid, the PEeffiirc 
of it would be proportionable to the Dimen- 
fions of the Bale CD, and the perpendicular 
Height DH, therefore it is the fame in the in- 
clined Tube ABCD ||. 

3. Let the Veflel ABC be irregular, as 
reprefented Figure the fourth,, and filled with 
a Fluid to the Height D, I fay, the PreiTure 
of the Fluid upon the Bafe C, is proportion- 
able to the Magnitude of the Bafe, and CD 
the perpendicular Height of Ihe Surface of the 
Fluid above it. 

I] Perhaps it, may be thought more Geometrical, to (Jemon- 
ftratc this Propbfition with the Generality of Authors. from the 
Property of the inclined Plane. They confider AD the lower 
Side of the Tube, as an inclined Plane, on which the Fluid 
contained within it refts, and argue that it lofes thereby a Part 
of its Weight in Proportion to the Length of the Plane, and 
therefore occalions no greater Prelfure upon the Bafe, than if 
the VefTel was held eredl, and filled only to the fame perpen- 
dicular Height, as when inclined. But this Dcmonftration 

' proves too much, for by this Way of Reafoning, one might 
ihew, that the Prcflure of the Fluid EFCD upon t|ie Bafe CD 
is lefs than the PreiTure of RHCD a Column of the fame Fluid 
having the fame Bafe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Cojumn contain 
the fame Quantity of Fluid, upon Account of the Equality of 
their Safes, and perpendicular Heights ; but that refts upon an, 
inclined Plane which this does not^-and therefore preffes lefs 

> upon the Baft. But this is contrary both to Demonftration and 
Experience, the Argument therefore proves too much. 

In 
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In order that the Prcx)f of this Propofition 
may be the better underftood, we muft pro- 
jniie the following Lemtna^ viz. ^ 

Tfiat when a Fluid pafles through a Pipe, 
as AB, (Fig. s*) which in fome Parts is larger 
than in others, the Moment, or Force with 
which it moves, is every where the lame. For 
while the Fluid is paffing through the Tube, 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter ; forlnftance, it will 
be as much greater at C^ than it is at D, as 
the Quantity palling through C at any Inftant 
of Time is lels than at D, and io of the reft j 
becaufc a lels Quantity would be conveyed 
through the finaller Parts of the Tube in the 
iamc Time, unlels it Ihould move fafter there 
in Proportion to the finallnels of them. Now 
the Momentum of Bodies is partly owinc . to 
the Quantity of Matter, and partly to the Ve- 
locity; (as explained Part I. Chap. 9. J i.) 
confequently what the Fluid, which is adual- 
ly paffing through the narrower Parts of the 
Tube, wants in Quantity, is compenfated by 
its Velocity in thofe Parts, and what it wants 
in Point of Velocity in the other Parts, is 
made up by the Quantity paffing through 
them ; lb that the Moment is the lame in eve- 
ry Part of the Tube, whether larger or nar- 
rower *. The lame is true, whatever be the 
Pofition the Tube is held in. 

Let 

• Thus, we may obfcrvc in a River or Canal, that by how 
nyach the Breadth or Depth Js lefs in any Part^ fo much the 

more 
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' Let MS now conceive the Fluid in the 
Veffcl ABGy% 40 to be diftinguiflled ior 
to the Stjata EF» GH, IK, ^c. Let us alfp 
imagine the Bottom of the Veflfel C to be 
moveable, that is, capable of Aiding up and 
down the narrow Part of the Veffel, v. g^ 
lirem C to GH, (without letting any of the 
.Fluid run out). Let it further be fuppofed 
that this moveable Bottom i3 drawn up or let 
down with a given Velocity, while the Vel^ 
fel itfelf is fixed and Jmmoveabk; \X. is cvi? 
dent the lowermoft Stratum, which is contir 
^uous to the Bottom, will be r^ifcd or let 
down with the fame Velocity, and will there- . 
by havd a Moment proportionable to that 
Velocity and the Quantity of Matter it con-^ 
tains: But by the Lemma, all the reft of the 
Strata will have the fame Moment, confe- 
quently the Moment of all taken together^ 
|that is, of the whole Fluid,) is the fame, as 
if the Veflel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Mom/ent of each Stratum would alfo have 
been as great- as that of the lowermoft^ ; the 
Preffure therefore, or Aftion of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
Strata, that is, the perpendicular Height of the 

roqw rapid is the Streaxp in that Prrt; vid ot) the cantrary^ 
^hef e it is wider and deeper, the Motion of the Water is more 
gentie and languid.. > So that the Moment, with which it flaws, 
16 the fame in every Part. 

Fluid, 
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Fluid, an4 the Magnitude of the Iow6rmoft 
Stratum, th^t is, the BottOfrt. 

Again, fuppofc the VefftI ABC (Fig. 6^ 
fill'd with a Fluid to Dj I fay the Preffutd 
dpon the Bottom BC, is proportionable to the 
Dimenfions of the Bottom, and ^o !DE the 
perpendicular Height of the Fluid. 

For, if we fuppofe the Bottom moreabtej 
as before, and railed up Or let down with A 
given Velocity, the Moment of every $tra** 
turn will be- the fame with- that of the lower- 
moft, by the Lemma ; therefore the Moment 
of aU taken together, is the fame, as if the 
Vcflel had been no lefs in any one Part, than 
it is at the Bottom ; confequently the Preflurcr 
is proportionable to the perpendicular Height^ 
and the Magnitude of the Bottom. This Cafe 
is the Gonverfe of the former *. 

Ftoiu 

• upon this Is founded the Praftfee of conveying Watei* 
throQgh. Pipes from Place to Place, (^c. For frOm httice it 
fellows, that if one End of a Pipe is laid in a Refervoir of Wa- 
ter, the Fluid will i*un into the Pipe, till it fifes' to a Level at 
the other End with its Surface in the R^fetvoir. Thus let 
ABC (Fig. H,J repfcfcrt a Refervoir or Bafon of Water, DGK 
a Pipe laid from thence to E. If E the End of the Pipe is pla- 
ced above theLftie ABP, the Level of the Water fn the Re- 
fervoir, the Wa^cr will run into the Pipe, till it ti(h irt the 
dther End to F the Level with AJBf ; at which Time the Water 
in the Pipe will be in i€qoilibrk> with that in the Refervoir, 
and remain at Reft. But if the End of the Pipe is below thfc 
Surface of the Water in the Refervoir, it will continue to ruft 
out, till they are reduced toi Level. For, let GH be the low- - 
eft Part of the Pipe, then fince F the perpendicular Height a( 
the Fluid on, one Side, is equal to B the perpcndicnUr Weight 
«f the Fluid oof the other, and GH; which (being the Place 

where 
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From hence it follows, that, if a Veflel is 
made of fuch a Form, as is reprefented (Ftg. 7 ) 
by ABCDEFG, and fiUed with a Fluid to 
the Height C, the Weight which the Bottom 
fuftains, is as great as it would be, . had the 
Veflel been IKFG (which is every where of 
the fame Dimenfions, that the other is of at 
the Bottom) and filled to the Top IK. Be- 
caufe the Preflure, by the Propofition, is pro- 
portionable to the Bottom and perpendi- 
cular Height, which in both Gales ar.e the 
lame *. 

X. the 


wKere the Fluids prefs one againft another), may be coiifider^d 
as a Bafe to both^ is common ; it follows from this Propofition, 
that the PrefTures on each Side are exa£lly equal ; and therefore 
being in contrary Direftions will rtcceffarily deAroy each other, 
and the Fluid will remain in i£quilibrio. But while the End 
£ is below the Level, this Equilibrium cannot be obtained ; 
and therefore the Fluid will continue to run out. 

For the fame Reafon, when two or more Tubes communicate 
with each other, the Surface of the Fluid they contain ^11 
ibnd at the fame lievel in all. 

* The Reafon why the Veflel ABCDEFG, with the Fluid 
contained in it, does not weigh fo much, as the Veflel IKFG, 
when full to the fame Height, notwichflanding the Preflure up- 
on the Bottom is the fame in both, is, becauie ABDE- the up- 
per Part, or Cover of the former Vcfliel, is preflfed upwards by. 
the Fluid below it, with a Force equal to the Endeavour the 
Fluid in the fmall Tube BCD has to defcend. Which Endea- 
vour is the £ime that it would be, if the Tube BCD compre- 
hended alfo the two Spaces ICBA and CKED, its Moment 
being the fame in both Cafes by the Dempnftration ; the Cover 
therefore is prefled upwards with a Force equal to the Weight 
of as much Fluid as would fill the two Spaces ICBA and 
CKED; confequently the Veflfel, whofe Form is, ABCDEFG, 
is fo much lighter than the other, that isi^ as much as the Fluid 
it contains is lefs. 

From 
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X. The Velocity, with which a Fluid fpout^ 
out at an Hole in the Bottotn of a Veflel, is 
equal to that, which a Body would acquire 
by falling freely from the Level of the Surface 
of the Fluid to the Hole. 

Let there be a large cylindrical Tube 
A BCD (Fi^/p.) in the upper Part of whicht 
let us imagine a Cylinder of Ice FGHt ex- 
dftly fitting it ; let it further be fuppofed, that 
HI, the lower Surface of the Ice, is continually 
melting, fb as to afford i Stream of W'ater 
running down the Middle of rile Tube. Now^ 
the Form of this Stream of ^ Water will ne- 
Ceflarlly be fuch, as is reprefented in the Fi- 
gure by HLI ; for the Water falling freely 
will dcfcend fafler and faflcr like other Bodies, 
cauling thereby the Stream to become nar- 
rower and narrower. Now, let it be fuppo- 
Jed, that the T*ube has a Bottom as CD, with 
an Hole irt it at K, jufl fufficient to let the 
Stream pafs freely ; it is evident,* there will Be 
no Obflrudion on this Account, but that the 

From hence arifcs this Paradox, that the leaft Quantity of 
Fluid may be made to raife any Weight how great foetrer ~ 
it he. 

For fincc the Cover ABDE is preflfed upwards with a Forctf 
equal to the Weight of as much Fluid, as would fill the two 
Spaces ICBA and CKED, and thofe Spaces may be enlarged 
at Pieafiire iff Height, by lengthening the Tube BCD (which 
at the fame Time muft be made proportion^ibly fmaller, other* 
wife the fame Quantity of Fluid will not fill it;) it follows, 
that the fame Quantity of Fluid may be made to prefs the Co* 
v.er upwards with a given Force; if that Cover then is made. 
moveable^ any Weight that is laid upon it may be fapporccd 
thereby. 

. C Fluid 
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Fluid will pais through the Hole with iiich 
Velocity, as it naturally acquires by &lling 
from HI, the lower Sur^ce of the Ice. And 
if we fuppoie M and N, the empty Parts of 
the Tube, to be filled with Water, thtf Water 
will preis equally upon the Sides of the Stream 
in every Diredion (§. 6.) and therefi)re will 
be no Impediment to its Motion on that Ac- 
count. Laftly, let us fuppofe the Ice taken a- 
way, and the Stream fupplied firom the Wa- 
ter at the Sides, as is the C^ when a Fluid 
runs out through the Bottom of a Veflel; then 
will the Velocity, with which the Water flows 
through the Hole, continue the fame ; for fb 
fzT as the Water coming from the Sides, en- 
deavours to delcend itfelf, fb far itobilruds 
the Defcent of the Stream, and no farther ; 
and confequently caufes no Alteration in the 
AMocity or Quantity of Fluid running outl 
The Velocity therefore^ with whjch the Fluid 
pallet througl) the Hole, is equal to that, 
which a Body would acquire by falling freely 
from the Level of the Surface of the Fluid 
to that Place. 

If the Hole is made in the Side of the 
VelTel at the fame Diftance below the Sur- 
face, the Velocity will be the fame, on Ac- 
count of that equal Tendency Fluids have to 
moVe every Way alike*. 

XL The 

* Upon this Principle is founded the Frz&lce of making 
artificial Fountains. For if tp a Veffcl or Refervoir ABCD, 
/y^. 10.} filled with a Fluid fo tb$ Height EF, be fixed the 

; Pipe 
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XL The Velocity, with which a Fluid 
fpouts out from the Bottom or Side of a Vcl^ 
fel, is as the fquarc Root of the Height of its 
Surface above the Hole *. 

The Caufe, why a iPluid ipouts out through 
an Hole made in the Bottom or* Side of a Vef- 
fcl, is the Prcffure or Weight of the Fluid in- 
cumbent upon the Hole ; from whence it 
fliould fcem, that the Velocity ought to be 
as the Prcffure j but if fo, then the Quantity 

Pipe CH, with a fmall Aperture at K, the Flaid will fpoat up 
from thence to FL, the Level of the Surface of the Fluid in 
the VefTel. For, by this Propofition, it wi]l fpont from K with 
fuch a Velocity, as a Body would acquire by felling from FL 
the Level of the Surface to the Aperture at K, that is, fuch as 
will carry it ^om the Aperture to the Level; becaufe that 
Velocity which a Body acquires by felling from a certain 
Height, is fufficient to carry it back to the fame Height from 
whence it fell. 

But in Pradice the Height the Fluid rifes to, is lefs than 
that of the Level of its Surface in the Refervoir: diis is ow- 
ing to the Reiiftance jt meets with from the Air, its Fri£lion 
againft the Sides of the Pipe, (S^r. It is found impoffible to 
make it much exceed the Height of an hundred Feet : For, 
when it fpouts out of the Aperture with a Velocity necef- 
fary to carry it higher, the Stream is immediately dafhed 
CO Pieces by the Refinance of the Air } whereby it lofes 
Its. Force, and is prevented froip riiing to any confiderable 
Hfrigbt. ■ ^ ' 

* This Proportion may be otherwife demonftrated from 
the laft,' in the following Manner. For, fince the Velocity 
with which a Fluid fpouts out through an Hole in the Bot* 
torn or Side of a Vegel, is equal to £at which a Body would 
acquire by felling from the Level of the Surfed of the Fluid 
to the Hole, and the Velocities Bodies acquire by felling are 
as the fquare Roots of the Heights they fell from ( Part I. 
Chap. 5. §. 5 ) it foUpws, that the Velocity, with which a 
Fluid fpouts out from an Hole in the Bottom or Side of a Vef- 
fel, is as the fqpare Root of the Height of the Level of the 
Siirface of the Fluid above the Hole. 

C a tun 
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run put would alfo be as the Preflfu're (for 
the faftcr the Liquor flows, the greater is the 
jQuantity thrown out in $ given Time, and 
"uke verfa) , confequently, ijpon this Suppo- 
iition we ihould have two EfFe^s, each de- 
fending on the lame Caufc and equal to it^ 
which, is abfurd, 'Tis ript then the Quantity 
of Fluid iqn out, nor the Velocity with whicl^ 
it flows, but its Moment, or both thefe mul- 
tiplied together, (Part L Ch. 9. J. i.) that is 
the true and adequate Effeft of the Preflure. 
Now thefe being ever in the fame Ratio^ 
with each other, 'tis neceflary, in Order that 
the Effc£t may be proportionable to its Caufe, 
that each of them be only as the fquare Root 
of the Prcfiure: For then, being multiplied 
together, their Produd, or the Moment of the 
fpouting Fluid, is adequately ^s the Preflure 
which occafions it ; but the Preflure is as the 
perpendicular Height (§. 4.) therefore the Ve- 
locity, and alfo the Quantity of Fluid fpout- 
ing out, is only as the fquare Root of the 
Height of its Surface above the Hole. 

To give an Inftance or tvvo ; fuppofe two 
Holes made in the Side of a Vefllel, the one an 
Inch below the Surface of the Fluid it contains, 
the other four Inches ; the Velocity with which 
the Lfquor flowg out of the lower Hole, will 
not be four, Times as great, as that with which 
it flows through the upper, notwithftandingj 
the preflure is four Times greater : For if it 
ihould, the Quantity, run out in a given Time 

' would 
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would alfo be four Times greater, confequent- 
ly the EfFed produced would be fixteea Times 
greater than it is. at the upper Hole, that is, 
four Times greater than the Caufe ; which is 
abfiird. Whereas the Velocity and Quantity 
of Matter will each be only twice as great as 
they are above, producing thereby a Borce or 
Moment only four Times as great, which is 
proportionable to the Caufe. So, if an Hole 
were made fixteen Times lower than the lirft, 
the Velocity and Quantity of Matter will not 
be each fixteen Times greater than at the 
other, but only four Times greater apiece, and 
{o the Moment fixteen Times greater, as^ the 
PrefTure is *. 

XH. When 

• From hence, we may fee the Error fome of the foreign 
Mathematicians have' ^llen into with Regard to the Forces 
of moving Bodies, who contend that they are as the Sqaaxcs 
of the Velocities multiplitd by the Quantities of Matter. 
For, from this Propofition it is, that one of the principal Ar- 
guments brought in Favour of this Opinion is derived. They 
argue thus, EfftSs are ever proportionable to their Caufes^ 
the Preffure of the incumbent Fluid is the Caufe of its fpout- 
ing out, the Forr^ with , which it fpouts out, is the EffeS\ 
but by this Propofition the Preffure is as the Sgaare of the 
Velocity it flows with, therefore the Force is lilcewife. as the 
Square oif the Velocity. True, it is fo ; but let us fee the Con- 
fequence. The Force, with which the Fluid fpouts out is 
not only owing to the Velocity, but alfo to the Quantity run out 
in a given Time. They have each their Share in producing 
the Force, confequentiy the Force is in a Ratio compound- 
ed of both, or as the Frodu6l of one multiplied by the 
other, or, which comes to the fame Thing, (Jince as was 
obierved befoie, they are in the fame Ratio with each other) 
as the Square of either of them. From hence it is that the 
Forces of Fluids in Motion are faid to be as the Squares 
of their Velocities \ not that they are fo in Virtue of thofe 

Velocities 
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XII. When a Current of Water, or other 
Fluid, falls perpendicularly upon the Surface 
of a Plane, or flows againft it, (as the Wind 
againft the Sail of a Ship, or the like) the 
Force, which the Fluid exerts upon it, is equal 
to the Weight of a Column of the fame Fluid, 
whofe Bafc is equal to the Plane, and its 
Height fuch, that a Body falling freely through 
it would acquire a Degree of Velocity equal 
to that with which the Fluid moves.* 

In Order to demonftrate this PropoCtion, 
let us fuppofe the VelTel ABCD {Fig. ii.) 
filled with a Fluid, and having a large Hole 
EF in the Bottom, then will the PrefFure of 
the Fluid caule a Stream to flow out, which 
in the Hole itfelf will have fuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely from the Surface of the Fluid in 
the VefTel to the Hole (as demonflrated §. lo.) 

m f 

Velocities, as fuch, but in Virtue of them, and the Quanti- 
ties of Matter taken together, or becaufe the Squares of the 
Velocities is the fame Thing with the fimple Velocities mul- 
tiplied by the Quantities of Matter, Therefore when it 
is fatd, thf Forces of Fluids are as the Squares of the Ve- 
locities, that Part of the Force which arifes from the Quan- 
tity of Matter is really taken into Confideration. How ri- 
diculous then mud" it be in thofe Gentlemen to fetch an 
Argument from hence to prove, that the Forces of Bodies in 
Motion are as the Squares of the Velocities and Quantities of 
Matter too, when they are as the Squares of the Velocities^ 
only becaufe the Quantities of Matter are implied in them ? 

* Frpm this Proportion is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind or 
Water, ^c. See an Inftance of fuch a Calculation in the Me* 
moirs of the Royal AP^^dt^my of Sciences for the the Year 1725* 

In 
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In the midft of this Hole, and confeijuently 
in the Stream, let us fuppofe a Plane as PQ^ 
fufpended, but fcmewhat lels than is fufficient 
to fill the Hole, left it ftop the Current of 
the Water. Now, 'tis certain, this Plane fup- 
ports a Column of the Fluid, equal to that 
which prefles upon any other Part of the Bot- 
tom of the Veflel of equal Dimenfions witk 
itfelf (for being thus placed it may be look- 
ed upon as a Part of the Bottom) but every 
Part bears a Column, whofc Bafe is equal to 
its own Dimenfions, and its Height the fame 
with that of the Sur&ee of the Fluid in the 
Veflel : Confequently this Plane fupports fucb 
a Column, that is, it is refifl:ed by the Stream 
with a Force equal to the Weight of a Co- 
lumn, whofe Bafe has the fame Dimenfions 
with itfelf, and whofe Height is equal to that 
of the Surface of the Fluid in the Veflel, that 
is, fuch an Height as a Body by falling freely 
from, would acquire a Velocity equal to that 
with which the Fluid moves. 

XIII. The Preflhreofa Fluid againft a per- 
pendicular Bank or Sluice, ®c. is equal to the 
Weight of a Column of the fame Fluid, whofe 
Bafe is equal 4o fo much of the Bank as is 
below the Surface of the Fluid, and whofc 
Height is equal to half the Depth of the 
Fluid.* 

If 

* From hence we fee the Reafon, why the Water of the Sea 
or great Lakes is as eafily kept within their Baoks (fetting 
afide the Force which arifes from the Motion qf the Wavee, 
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If the Prcflure upon every Part of the Bank 
jfrom the Surface to the Bottom, was ds great 
as it is at the Bottom, the Preflure againft it 
would be equal to the Weight of a Column, 
whofe Bafe is equal to fo much of the Bank 
as is under the Surfece of the Fluid, and 
which has the whole I^th of the Fluid for 
its Height ; for the Preflure upon every Part 
of the Bank at the Bottom is equal to the 
Weight of a Column, whofe Bafe correfponds 
to tte Part prefled upon, and whofe Height is 
that of the Depth of the Fluid ; confcquent- 
ly if the Preflure was the fame every where 
from Top to Bottom, it would be equal to 
the Weight of as many fuch Columns as would 
anfwer to all the Parts of the Bank : But the 
Preflure every where diminilhes in Proportion 
as we approach the Top, where it is Nothing ; 
it is therefore but half * what it would be in 
the other Cafe • from wiience the Propofition 
is clear. 

&c.) as that of the nsirrowefl Canal, 'oi%, becaafe the Prefliire 
c^ Fluids 19 not in Proportion to their Sor&ces, buc their 
Depths, and the Surfaces they prefs againft. 

* Becaufe the Sum of a Number of Terms in Arithmeticial 
pFOgreffion beginning from Nothing, is Jialf the Sum of an 
ognd Number of Terms, each of which is equal to the laft in 
the Pi^ogreflion. 
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C H A P. II. 

Of the EffeSis Fluids have on Solids 
' immerjed therein. 

L 'TP' H E Sfecific Gravity of a Body is that, 
• JL by which it is laid to be heavier, ot 
lighter than another of a different Kind : Thus 
Lead is faid to be fpecifically heavier thanN 
Cork; becaule fuppofing an equal Bulk of 
each, the one would be heavier than the other. 
From hence it follows, that a Body, fpecifi- 
cally heavier than another, is alfo more denle, 
that is, contains a greater Quantity of Matter 
under the lame Bulk, becaufe Bodies weigh 
in Proportion to the Quantities of Matter they 
contain (Parti. Chap. 3. ^.7.) 

II. If a Solid be immerfed in a Fluid of 
the fame Ipecific Gra^vity with itlelf, it will 
remain fufpended therein, in whatever Part 
of the Fluid it is put. 

Let the Body FGHI {Fig. la-) be im- 
merfed in the Fluid ABCD to the Depth MN, 
or any other whatever ; I fay, it will continue 
in the fame Part of the Fluid, when left to it^ 
fclf, without either rifing towards the Surface, 
or finking towards the Bottom. * 

For, the Body being (by the Suppofition) of 
equal Gravity with the Fluid, the Weight of 
the Column KLHI, which confifts partly of 

D Fluid, 
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Fluid, and partly of the Body^ is the fame as 
if it had been all Fluid ; confequently HI, that 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is prelled 
with the fame Degree of Force, that any other 
Part of the lame Dimenfions is, and there- 
fore the whole Column KLHI will be fup- 
ported in its Place, Now, the fame being 
true of the Column KLHI, whatever be its 
Length, 'tis evident the Body will be fufpend- 
cd in its Place at any Depth. 
. III. But, if the Body is fpecifically heavier 
than the Fluid, m which • it is immerfed, it 
will fubfide to the Bottom : For thcn^ in what- 
ever Part of the Fluid it is put, the Column 
KLHI will always be heavier than an equal 
Column, that confifts all of Fluid ; confequent- 
ly HI, that Part of the Stratum MN, which 
lies immediately under the Body, will fuflfer 
a greater Preffure^ than any other Part of the 
lame Dimenfions; and therefore will give way, 
ahd permit the Body to fubfide continually^ 
till it reaches the Bottom. 
• IV. On the contrary, if the Body is fpeci- 
fically lighter than the Fluid, it will rife to 
the Top, in what Part of the Fluid fbever it 
is put. For then, the Column KLHI will 
always be lighter than an equal Column 
which is all Fluid ; cc^iftquently HI will be 
lels preflcd downwards, than any other Part 
of .the iame Stratum of equal DimenfioQS;^ and 

will 
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will therefore continually rife up, carryinjg the 
Body with it, till it arrives at the Top. 

V, A Body, being laid on the Surface of 
a Fluid fpecifically heavier than itlelf, finks 
into it;, till the immerled Part takes up the 
Place of a Quantity of Fluid, whofc Weight 
is equal to that of the whole Body. 

Let EFGH {Fig. 13.) be a Body, floating 
on a Liquor fpecificajly heavier than itfelf^ 
it will fink into it, till the immerlcd Part 
IKGH takes up die Place of £b much Fluid 
as is equal to it in Weight. Fof, in that Gale, 
GH, that Part of the Surface of the Strituni 
upon which the Body refts, is prefled with 
the fame Degree of Force, as it would be, 
was the Space IKGH full of the Fluid ; that 
is, all the Parts of that Stratum are prefleil 
alike, and therefore the Body, after having 
funk fo far into the Fluid, is in j^qmlibrh 
with it, and will remain at Reft. 

From hence it follow^, that a Body is as 
much Ipecifically lighter, than the Fluid oni 
which it floats^ as the immerlcd Part is lefi 
than the Whole. For, by how much the lefii 
the immerfcd Part is, lb much the left Fluid 
is equal in Weight to the whole Body ; that 
v^^ the Body is fo much the lighter in Refped 
of the Fhiid And, if the fame Body be made 
to float fucceflively in Fluids, whofe fpccific 
Gravities differ among themfelves, (but all ex- 
ceed that of the Body), the lighter the Fluids 

D a are 
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arc, fo much greater will be the Part im- 
merfed*. 

VI. A Body^ lufpcndcd in a Fluid fpcci^ 
ficaUy' lighter than itlelf, lofes a Part of its 
Weight (or rather communicates it to the 
Fluid) equal to that of a Quantity of Fluid of 
the fame Bulk. 

Let us, inftead of fuppofing the Body fuC- 
•pended in the Fluid, imagine it to be away, 
and its Place filled with the Fluid; now 'tis 
evident, this being of the fame fpecific Gra- 
vity with the circumjacent Fluid, will be en- 
tirely fupported by it, or, if we fuppofe the 
Body to be of the fame fpecific Gravity with 
the Fluid, it will 6e wholly fulpended by it; 
we fee therefore the Preffure of the circum- 
"ambient Fluid, whereby it endeavours to buoy 
up the Body, is equivalent to the Weight of 
fb much Fluid, as would fill the Place the 
Body takes up. But, fince the Fluid prefles' 
only on the Surface of the Body, that Prct 
fure is the fame, whatfever be the fpecific Gra- 
vity of the Body ; the Body therefore' lofes fb 
much of its Weight, as the Fluid would natu- 
rally buoy up; that is, fo much, as is the Weight 
of a Quantity of Fluid of the fame Bulk. 

* This Phaenomenon is what gave rife to the Hydromet- 
ter, an Inflrument of great Ufe in afcertaining the Genuinefs 
of Liquors ; for it rarely happens, that the adulterated and 
the genuine Liquor fhowever they may agree in Appearance) 
fu-e of the fame fpecific Gravity. 

This 
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This Propofition affords us a Method of 
determining the Relation, which the fpecific 
Gravities of Bodies, whether Fluid or Solid, 
bear to each other. For, whereas by weigh- 
ing a Solid in a Fluid fpecifically lighter than 
itfelf, we find the abfolute Weight of a Quan- 
tity of the Fluid equal to it in Bulk (viz;, the' 
Weight the Solid lofes) the Relation, that 
Weight bears to the Weight of the Solid, is 
the Relation of their fpecific Gravities; be- 
caufe the Weights of Bodies, whofe Bulks 
are equal, are as their fpecific Gravities : con- 
fequently, if the fame Solid is weighed iiic- 
ceffively in different Fluids (all lighter than 
itfelf) we gain the Relation, which the fpe- 
cific Gravity of each bears to that of the So- 
lid, and therefore to one another. Again, 
if different Solids are weighed in the fame 
Fluid, the Relation, which the fpecific Gravity 
of that Fluid bears to each Solid, is had, and 
therefore alfo the fpecific Gravities of the So- 
lids among themfelves*. 

CHAP. 

• Upon this IS founded the Ufe of the Hydrodatical Ba- 
lance for determining the fpecific Gravities both of Solids and 
Flnids. The Practice is thus. Firft, let the Solid be weigh- 
ed in Air, that is, out of the Fluid ; afcerwards in it (this ought 
to be done by fufpending it at one End of the Balance by a 
String, that is as nearly of the fame fpecific Gravity with the 
Fluid made Ufe of as pofTible, and letting it fink into the Fluid 
till it 18 V wholly immerfed below the Surface; if the Fluid 
is Water, an Horfe-Hair is moil convenient to hang the Body 
at the End of the Balance by) then fubflraA its Weight in the 
fluid from \t& Weight in Air^ the Difference is wlmt it lofes in 

the 
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CHAP/ m. 

Of the Air. 

I.np HAT Part of Natural Philofophy, 
\ which treats of the Properties of the 
Atr^ and the EfFefts of its TreJJure and Elaf- 
ticity^ is called Pneumatics. 

IL Air is a thin tranfparent elaftic Fluid lur- 
rounding the Earth to a certain Height, and 
taken all together, iS called the Atmoffhere. 

III. That Air is a Fluid, is evident from 
the cafy ^affage it affords to Bodies moving 
in it: For this fliews it to be a Body, whofe 

' Parts eafily yield to i Preffure, that is. greater 
on one Side than on the other, which, is the 
Definition of a Fluid. . 

IV. Air gravitates towards the Earth, or is 
heavy like other Bodies. 

To prove this, we have Abundance of Ar- 
guments both from Senfe and Experiment. 
Thus, when ther Hand is applied to the Ori- 
fice of a VelTel, it readily perceives the Weight 
of the incumbent Atmoiphere, as foon as the 

tlie Fluid. This done, fay, by the Rule of 'Proportion, as the 
Weight loft in the Fluid is to its Weight in Air, fo is Unity, 
or any Number taken at Pleafure, to a Fourth, which by its 
Relation to the former, will exprefs the Relation of fpc- 
cific Gravity of the Solid to that of the Fluid. Thus, the Re- 
lation, which the fpecific Gravity of the fame Fluid bears to that 
of various Solids, or of the fame Solid to that of various Fluids^ 
and confequently tl^e Relation of the fpecific Gravities of all 
among themfelves may be obtained* 

Air 
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Air included in the Veflel tegins to be drawn 
out. Thus, Glals-Vcffels" cxhaufted of their 
Air (ifnotftrong enough to fuftain the PreC- 
fure of the incumbent Atmolphere) . are crufli- 
ed to Pieces by the Weight of the Air with-r 
out. When the Air is cxhaufted out of a : 
Veflel, the Veflel weighs kls than before* 
With a great many more Experiments gene- 
rally mentioned by Authors on this Subjed*. 
V. The exa^ Weight of the incumbent Aij 
is determined by filling a Tube with Mercury^ 
and immerging the open End in a Veflel of 
the fame Fluid : For then the Mercury will 
run down the Tube, till its Surface is fallen 
to the perpendicular Height of about twen- 
ty nine or thirty Inches above the Surface of 
the Mercury in the. Veflel, and no further: 
if the fame Experiment is made with Water, 
the Surface of it will ftand at about the Height 
of thirty two Feet above the Surface of that 
in the Veflel j the Column of Mercury in 
one Qfe, and the Column of Water in the 
other, exadly balancing the Weight of a Co- 
lumn of Air, which reaches to the Top of the 
Atmofphere, and prefles upon the Surface of 
the Fluid in the Veflels. This is what \% 
called the Torripellian Experiment, from Tor- 
RiC£iLi the Inventor, and is the fame with 
the common Barometer. 

• See Byle'% Trads, or Grave/aitJt Lib. II. P. III. 

Frora 
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From hence it foDows (Chap. I. $". p.) 
that all Bodies, at the Surface of the Earth, 
fuftain as great a Weight from the PreflTure 
bf the Air, as is that of a Column of Water, 
■whole Height is thirty two Feet, and its Bafe 
equal to the Surface of the ^ Body prefled 
upon*. 

VI. That the Sufpenfion of the Mercury 
in the Barometer depends oh the Preffure of 
the external Air, is beyond all doubt; for if 
the Barometer is included in the Air-Pump, 
the Mercury fells in the Tube; in Proportion 
as the Air is exhaufted out of the Receiver; 
and if the Air is let in again gradually, the 
Mercury reafcehds proportionably, till it reach- 
es its former Height. 

Vir. That the Atraofphcre is extended to 
a* determinate Height, appears from hence; 
Wjc. that when the Torricellian Tube is re- 
moved to a more elevated Place, the fufpend- 
cd Column of Mercury becomes fliorter ; 
whidi is, becaufe a fliorter Column of Air 

• The PTcflfurc of the Atmofphere upon every fquare Inch, 
B^r ^e Sur&ce of the Earth, is about fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whofc Height 
is thirty Inches and its .fiafe one fquare Inch. For, fuch a 
Colomn of Mercury would weigh about fifteen Pounds. The 
Weight of the Atnoofphere therefore, wHich prefles upon a Man's 
Body, is equal to fo many Times fifteen Pounds, as the Sdrface 
of his Body a>ntains Square Inches. 

Tlie Reafon, why a Perfon fuffers no Inconvenience from fo 
great a PrefTure^ is owing to the Air included wichin the Pores 
Slid Fluids of the Sody,. which by its Reaction is a Coiinterpoife 
to the Preflure of the external Air. 

prefles 
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prefles upon it; or, that the Tube, m this. 
Situation, is nearer the Top of the Atm6&^ 
Inhere* 

VIIL The Elafticity of the Air is that Pro^ 
pcrty by which it contracts itfelf ihto' ieli? 
Space, when an additional Prcflbre is lard up- 
on it J and recovers its former Dinienfi(»is^^ 
when the Prefllire is taken off. This' is ic-^ 
counted its diftinguifliing Property, all the reft 
being comtnon to it with other Fluids;- * "; ' 

Of this we have numerous Proofs. -' Tfatis/ 
a Bladder full of Air being comprefledib;^^ the 
Hand, the included Air gi vies way ; but whei» 
the Preffure is taken off, the Air expands it-* 
lelf, and readily fills up the Cavity, or Im** 
preffion made in the Surface of the Bladder. 
And, if a larger Quantity of Air, than k na-* 
turally preflcd into a Veflel by the Weight of 
the incumbent Atmofphere, is forced into it 
by the Condenser (an Engine for that purpole) 
and if that Air is afterwards let out by opcri^ 
ing the Veflel, the Remainder is found to hi 
of the fame Weight as at firftj from whence 
it follows, that the Air, by -means of its Elaf- 
ticity or Spring, drives out all that which was 
"forced in by the Condcnfer, recovers its for* 
tner Dimenfions, and fills the Veffcl as before; 

IX. From hence, together with what .has 
been obferved ibout the Preffure of the Atf 
^ofphere, it follows, that the Air near tht 
Surface of the Earth, is compreffcd into a 
much narrowcj: Space by- the: Weight of the 

E Air 
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Air above, tKao l»hj(t^ >vhk:h it: \vouI4 natu- 
M41y;.j:akf iip^ WMiit;free from that Pref- 
fure ; accordingly It is found by Experiment, 
tfcity when tht Pi?ffurc of the Atmofphere is 
ttkipn off from , any; ypRtton pf the Air, it immc- 
di^elyr .expaod3 iltjfetf ioto a: vaft Extent* Hence 
i^ is, tbM thin dais Babbles or Bladders filled 
witbiAic, .being, iacladed in the .ftec;civex qi 
tihe Ait'^Pujnbp^'.^r* brofee in P^pcje^ by the. 
Spring.Qf thie Aii^; whl^h th<[y: contain within 
X^asi^ when the Ptcjfliir^. pf the .external Air 
kita^ri. off ^'EbuOjia. Bidder, quite flaccid^ 
cnotainiDg pnly/A iSba&U .Q^anti^y of Air ia ijj 
iweilaiopQn thlft Brfmqy^jl pf t;he. external Ajr, 
andaippeafs diOended^::$isif i|: contained as grea| 
aiQ^tity d9 poilibJft. The 6m? EffeiSt is found 
iflrxajrying % Bladder fomewfeat fla9Ci|^ to 9 
hiQ!:j4;:Jd[feFai0d JPJaPi, . for; there thg externa J 
firdmre* being :lcjfsv..!the Ait incli|4c<i in the 
plarfder ?is in if^rte Meafurc free from the Preli 
iuKf of the AtmOf^ere j \t tbterefbye dilates it- 
ieiiv^rarid:difieod$.thi? Bladder as in the forme; 

-A Si. rit is fouind by Experiipent, thai; the 
Q?an[t£ty. of Sp^ce in|o which Air may bf 
cofttn^d by Pi;cffufe, is reciprocally prqpor- 
Jtionable to the compreffing Force. Froqi 
3whence it follows, that the Deofity of the Air 
•i&'proportionablc fp thfe PreflTure wl^ich it fuif- 
d:dins-; -rbecauie the lefs. the Space v^ into whicii 
ia ^ven Quantity of it is contra£kd| the den,- 
:^r It is. As to theutmoll Degrees^f £xpa%- 

fipn 
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Son and Cohf/aftion, vvliich the Air i$capa«* 
ble of, they arc as' yet unknown- In leverat 
Experiments made ' by Mr. Botie^' Air in its 
natural State, that is, ' prefled only with th<J 
Weight of the incumbent Atmofphere, dilated 
itfelf^ when that Preflhre was taken off, into 
more than thirteen thoufend Times thte Space . 
it took up before. Arid, he was able fo %' 
to comprels it, that it fliould take bp more than 
five hundred and twenty thoufand Tkncs left 
Space' than that, into which it would dilate 
itfelf when free from its Pieffure *. 

XI. From this Property it follows, that 
the Air in the inferior Parts of the Atmof^ 
phere is more denfe, than that, which is at' 
great Heights in the fame ; or, that the Den- 
fity of the Air decreafes continuaBy, as we 
approach the Top of the Atmofphere. For the 
Denlity of the Air is proportionable tb the Force • 

* See Bdf^^i Trads imd Experiments on the Spring, and 
Prcffure of the Air. • 

Various have been the Opinions of Philofophers concerning 
die Caufe of this prodigious Spring in the Particles of Air ; fome 
holding it to depend on their Figure, which they fuppofe to f^ 
femble in fome Manner little Bundles of Twigs or ^ Branch^ 
of Trees ; fome think them like Fleeces of Wool, others con- 
ceive them as rolled up like Hoops; or the Springs of Watches; 
and endeavouring to expand thonfelves by Virtue of their Tex* 
lure. But Sir ^aac NeivtMis of Opinion, that fuch a Textur^ 
is by no Means fnfficieat to account for that vaft Power of Ex- 
pansion obferved above ; but that each Particle is endued witK 
% repelling Forc^ which eacreafes as they approach one ano* 
ther, and accordingly keeps^ them afunder at Diftances reel* 
procally prop6rtionable tothePreiTure they fuflain. 

Sec //aiSfi's^ttitical £%6. Vol. I. Chap. 6. 
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ts^ith which it is compreflcd, and that Force 
continualjy dccreafcs^ as wc approach the Top. 

Was the Dcnfity of the Atmofphcre every 
where the lame as it is near the Surface of the 
Earth, its Height (as is computed from the 
Quantity of Preflure it exerts in raifing the 
Mercury :in the Barometer) would be about 
five Mites. But whereas its Denfity continually 
decreafep, as we approach the Top, and it is 
uncertain how' far the Particles may expand 
thertifclves, where there is little or noPreffure, 
the true Height cannot be obtained. It is com- 
puted to continue of a fenfible Denfity to the 
Height of about forty five, or fifty Miles. 

X;IL The Elafticity of the Air produces the 
fame EfFe^s with its Preflure. 

For, Adion being equal to Readion, the 
Force, which the Spring of the Air exerts in 
endeavouring to expand itlelf, is equ'al to the 
Force with which it is comprelfed ; juft as it 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; 
confcquently a Quantity of Air in fuch a State 
of ContradiOn, as it would becompreflfed in- 
to by the Weight of the incumbent Atmos- 
phere, exerts a Force equal to that Weight. 
If a Quantity of Air therefore is included in a 
Veflel, and is of the fame Denfity with the 
circumambient Air, its Prcflfurc againft the 
Sides of the Veflel is equal to the Weight of 
the Atmofphcre. Thus, Mercury is fuftained 
to the fime Height by the claftic Force of Air 

included 
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included in a Glafs Veffelyno Way-comnHini- 
cating with the external Air, as by the Weight 
of the Atmofphere itfelf. 

XIII. The Elafticity of the Aif is augment- 
ed by Heat and diminilhed by Cold *. For if 
a Bladder, which is about half filled with Air, 
is laid before the Fire, it will, when it is fu&. 
ficiently heated, bediftendcd and burft. Thus, 
Glafi Bubbles being laid upon the Fire imme- 
diately burft with great Violence by the aug- 
mented Spring of the included Air. 

XIV. The Denfity of the Air thus conti- 
nually varying, according to the different De- 
grees of Heat and Gold, to which it is expofed, 
makes it difficult to afcertain its true fpecific 
Gravity. Riccioius cftiniates it to be to that 
of Water^as one to a Thoufand: Mersennus, 
as one to one Thoufand three Hundred : Mr. 

• This Property is found in all Bodies both. Solid snd 
Fluid, bat in a mach lefs Degree, than it is in Air. Thus, 
if a Flask be filled with Water, only to the lower Pare" of 
the Neck, and is then fet upon the Fire, the Water, ^hen it 
begins to grow warm, will rife into the Neck, and continue 
to afcend, as the Heat is increafed. And When a Wire or 
Bar of Iron is heated, it is augmc^rtted both in Libngth and 
Diameter. 

Uppn this Property depends the Phaenomena of the Ther- 
mometer, which is a Glafs Bubble wirh a fmall hollow Btem 
ariiing from it. This Bubble and Part of the Stem is nfually 
filled with Mercury, or Spirit of Wine, which will rife cr 
fall in the Stem, as they are afFedled by the Heat or Cq1<1 
of the external Air. If a fuf&cient Degree of Heat is fed* 
denly applied to this Inftrnment, the Liquor is obfcrved to 
defcend a little before it rifes, becaufe the Glafs diftending^ it- 
felf^ the Capcity of the Bubble is augtuent^d/befoic thr in- 
cluded Liquor is aftded \if the Heat. ; . y 

BoTLE. 
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BoTJLC, by more acdurate Experiments, found 
it to be^ as one to dine Hundred and Thirty 
eight ; and thinks, that aH Things confider'd, 
the Proportion of one to a Thoufand may be 
taken as a Medium ; for there is no fixing any 
precifo Proportion, becaufc not only the fpeci- 
fic Gravity of Air, but that of Water alfo, is 
continually varying. However, by fome Ex- 
periments made fince with more Accuracy 
before the Royal ^S^ci^Jy^ the Proportion has 
been fixed at about one to eight Hundred and 
Eighty. 

. XV. Air is neceffaiy for the Prefervation of 
Animal and Vegetable Life : neither will Fhr 
fobfift without it. The jReafon of this is as 
yet unknown to Philofophers. Mr. Hai.£$ 
by fcveral curious Experiments in his Statical 
£i]&ys makes it probable, that 'tis owing to its 
Elaflicity *. 

C H A p. IV. 

Of the Refijiance of Fluids. 

TH E Reiiflance a Body meets with in 
moving through a Fluid, is of three 
Kinds. The firft arifes firom the Fridion of 
the Body againft the Particles of the Fluid j 
the focond from their Cohefion or Tenacity 

* See lus Awdjfis of it. Statical Eflays, Vol. I. Chap. 6. 

among 
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aoKsig ihenttlclrcs ; the third, from thc^ Ici- 
aftivity^ or the Tendency^ tbcy have in com-i 
mon with oth^ Bodies^ to keep tht Places 
they poflHfs;^ : . \. - 

The lirft, mes. that which arife« fro^ tho 
Fridion of the Body againft the Partidiea <^ 
the Fluids is Tcry inconfiderable ; for wiiat-* 
ever the Wei^ is, which pre0es the Particlea 
pf a FluH: together, the Freedom, wkhwhkh 
a Body moves i thrckigh ir^ is not ienfibdy dii 
mimibed thfercfoy. As wte obferved Ch^^l 
^. 1. in th^ Notes. ■'■'"•" 

The-fccond, or that ivhich arifei from the 
•JTenacity of »ha Particles of the Fluid, is aft 
the Tktikt the Body <:<^inues pafliog in it:* 
• ' - '^^ ;-, '•■ » ' . Thua^ 


h «^ » . 


* We have a vei^ curious Argumeat in Confirmation of tkk^ 
and which at the fame Time illullrates the Klanner in which a 
Body makes its Way through a tenacious Fluid, by Sir Ifaac 
Viixjton hrrafelf, in a Poftfcripr to a 'Letter in the Philofophical 
f ranfa£Hbns No* 371. It is as fbllowji. * Soppofe Pieces of 
fine Silk, ht the 'like thin Subftancei extended in parallel 
Planes^ t?nd -fixed at ftnall Drftances fVorii each other. Suppofe 
then-a-61Aet6flrike perpenditcrbifly againft the Middle of 
the oujefmoft. of the Silks, aqd Jby breaking through them to 
lofc Paict'ofits Motion. If 'the Pieces of Silk be of equal 
Strength; th^ famcx Degree of Force will be required to break 
each pfittyMnr^ but the Time,- in which each Piece 6f Silk. re- 
Ms, wifJbc foihuch ihorter as the Gfobe is fwifter ; and -the 
Lofs of Morioir in the Globe tonfequent upon its breakir^ 
th'roogt: eaph- Sak; and ' fmmftotinting the Rcfiftance ' thereof 
wiH be^ropjprdpnal to the Time in which the Silk cppofes it- 
felf to the Globe's Motion ;*jnfpmuch that the Globe by the 
♦ Reiiftance of any one Piece ttf Silk, will lofe fo much' lefs of 
its Motion' as it - IS fwifter.- - But on the other H?nd, by how 
much fwifter the Globe moves. To many more of the Silks it 
will break through in a given Space of Time ; whence the 

« Nunftber 
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Thu9» fappofe a Body continaes to move 
within a FJutd for the Space of one Hour j if 
its Motion be very qtucJc during that Time, it 
then moves a great Way in that Fluid, and 
confequently meets with a great deal of the 
Fluid, to refift it ; but is refiftcd the left in 
each Part thereof in Proportion to the Stay it 
makes there : whereas, if its Motion be flow, 
jt then moves but a little Way in that Time, 
but is refifted fo much the longer in each 
Part thereof So that whether the Sody moves 
faft or flow, the Refiftance it fufiers is the 
fame; and depends therefore on Nothing .but 
the Time we iuppoie' it to continue moving 
within the Fluid. This Species of Refiftance 
is alio very fmaU, except in glutinous and 
vifcid Fluids, whofe Parts are not eafily Ic- 
parated* ^ 

^ Numlierof tbe Silks, which oppofe therorelves to theMo- 
'. cioQ of the Globe in a given Time, being reciprocally pro- 

* portional to the £fE;£l of each Silk upon the Globe, the Re- 

* iiftaoce made to the Globe by thefe Silks, or the Lofs of 

* Motion the Globe, undergoes by them iaa givea Time, will 

* be always the fame.. . . 

' Now if the Tenacity, of the Parts of FluiA obferves the < 

* fame Rule, as the Cohefion of the P&rts of thefe Silks ; name- 

* ly, that a certain Degree of Force is required to feparate and 

* difunite the adhering Particles, the Refiftance arifing from the 
«f Tenacity of Fluids maft obferye the fame Rule, as the Rc- 

^ fiilance of the Silks ; and therefore in a given Time the Lofs 

* of Motion, a Body undergoes in a Fluid by the Tenacity of 
^ its Farts will in all Degrees of Velocity be the fame ; or in 
« fewer Words, that Part - of the Refillaxice of Fluids, which 

* arifes from the Cohefton of their Paris^ will be uniform. 
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The third Species is the principal Rcfiftancci^ 
that piuids give to Bodies, and arifes from 
their Inadivity or the Tendency the Paf ticks, 
of which they confift, hav£ to continue at Reft. 
The Quantity of this Refiftance depends oh the 
Velocity the Body moves with on a double Ac- 
count : For in the firft Place, the Number of 
Particles put into Motion by the moving Body, 
in any determinate Space of Time, is propor- 
tionable to the Velocity wherewith the Body* 
moves J and in the next Place, the Velocity: 
with which each of them is moved, is alio pro- 
portionable to the Velocity of the Body ; this: 
Species therefore of Refiftance is in a dupli^ 
catc Proportion, or as the Square of the Ve- 
locity, with which the Body moves throughr 
the Fluid ♦. • " , ^ 

IT. Farther the Refiftance a Body, moving, 
in a Fluid meets with from .thence, may be 
confidcred with Regard to the Fluid; and 
then it will be found tb be more or lefe, ac- 

* This may be-otherwife deraonftrated from the twelf-h 
Sc^on of the firft Chapter ; for from thence it follows^ that 
the Refiftance a Fluid gives to a Solid againft which it moves, 
is proportionate to the Height a Body moft fall fvo|D, to 
acquire fach a * Degree of Velocity as the Fluid moves with : 
Bat the Heights Bodies fall from are as the Squares of the Ve« 
locities they acquire by falling ; confequently the Refiftance a 
Fluid gives to a Solid, againft which it move$, is alfo as tha 
Square of its Vdooity. Now it matters not, as to the Refift- 
ance, whether the Fluid moves againft the Solid, or whether 
It be at Reft, and the Solid move^ in it ; the Refiftance there- 
fore which a Fluid gives to a $did moving ia it* is as the 
Square of the Velocity, with which it moves. 

F cording 
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cording to the Denfity of the Fluid. For by- 
how much denfcr the Fluid is, {o much tte 
greater Number of Particles ar? to be pu( into 
Motion by the Body, in Order to make its 
Way through it. 

III. The next T^ing to be confidcred is the 
Effeds of the Reilflance of Fluids upon Bodies 
inioving in them; that is, the Retardation, 
which they caufe in the Motion of a Body by 
their Refiftancc, c* thf Qga^tity of Motioa 
they defltroy. 

> And this, in fimilar Bodies of eqvtal Magni- 
ttrdes, is inverfely as their Denfities, or the 
Quantity of Matter they contain j for by how 
much the greater the Quantity pf Matter in 
any Body is, ^9 much the more c^y does i% 
overcome the Rciiftarice it meets with from 
Ac Fluid. Thup, we fee the Refif^ncij of the 
AirhaA a mu(;h^licis EfTed in ddlrpying thq 
Motion pf an heavy Body, than of .a light 
one which has tl^ la^iigj^imenfions. 

IV. In fimilar Bodies of equal DenfitieSy 
but different Ma^itudes, the Retardation is in- 
verfely as their homologous Sides. Fot the Re- 
fiftance Bodies meet; ^yith in a Fluid, is inverfely 
as the Quantities of Matter they contain (by 
the laft), that is inverfely as the Cubes of their 
homcdogous Sides ^ and it is alfo diredly as 
their Surfeces, becaufe 'tis by them that they 
moj^e the Fluid put of its Place j that iS| di- 
redly as the Squares of their homolc^ous Sides; 

confcquentLy 
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confcquently the Retardation is invericly as 
their homologous Sides *. 

Having given the fundamental Prbciples of 
Nydrofiatics^ and (hewn how Fluids, both 
compreffible and incompreffible, are dilbofed 
to aft upon each other, and upon Solids by 
their Preflarc,^ Motion, Elafticity, and R^tflt 
ance ; 1 proceed how to aAtturit ftr lbme»^f 
the mcH-e remarfcatie t^xnomena of Nature^ 
in which they are in ifart or altogether con^ 
cemed: A)id this I'defiga fiw theSabjeacJ' 
the following Diflcrtations. 

■ Becaufe Ae intCrfe fUtto cf^dte Cuba Af zvf Nulobte 
bdn^ compoHndbl with the direft Ratio of tbc Squara of.t^ 
fame, gircS the inverfi: Satio of the Numbers themlelvd'. 
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Of Sound. 

H E .N : ihc Parts of afl elaftic Bocfy are 
'i^V:! put'intoa, ;tremulou3 Motion by Per- 
fdS^i^' or the,, like;, fo long as the Tremors 
cpntinw, fo long, is the Air, included in the 
porc5\of that Body, ^nd Jlikjcvvife that which 
preflcs upon its Surface, affected with the like 
Tremors and Agitations: Now, the Particles 
of Air being fo far C(?ftipfeffed together by the 
Weight of the incumbent Atmofphere^ as their 
repulfive Forces peimit, (as has been explained 

•Chap. 3,) it follows, that thole, which are 
immediately agitated by the reciprocal Mo- 
tions of the Particles of the elaftic feody, will, 
m their Approach towards thole which lie next 
them, impel them alfb towards each othjer ; 

' itnd thereby caufe them to be more condcnfed, 
tfaan^ they were by the Weight of the incum- 

- bent Atmofphere, and in their, Return will fuflfer 
them to expand themfelves again \ whereby the 
like Tremors and Agitations will be .propagated 
tQthem; and {6 on, till having arrived at a 
certain Diftafice ftom the Body, the Vibrations 
ceafe, ,being gradually deftroyed by a conti- 
nual fucceffive Propagaticxi of Motion to frefh 

' Particles of Air throughout their Pf ogrefi. 

Thui 
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Thus it is that Sound is communicated from 
a tremulous Body to the Organ of Hearing* 
Each Vibration of the Particles of the founding. 
Body is fuccelfively propagated to the Particle* 
of the Air, tiD it reaches thofe which are con- 
tiguous to the Tympanum of the Ear, (a fine 
Membrane diftended acrofs it J and thefe Par- 
ticles in performing their Vibrations impinge 
upon the Typipanum, which agitates the Air 
included within' it; and that being put into a 
like tremulous MoticMi, afFeds the auditory 
Nerve, and thus excites in the Mind the Sen- 
lation or Idea of what we call Sound. 

Now fince therepulfive Force of each Par- 
ticle of Air is equally , diffufed around it eve- 
ry Way; it follows, that when any one ap- 
proaches a Number of others, it not only re- 
pels thofe which lie before it, in a right Line ; 
but the reft, laterally according to their rc^ 
fpedive Situations : that is, it makes then* 
recede every Way from it&l^ as from a Cen- 
ter : and, this being true of every Particle, it 
follows, that the aforefaid , Tremors = will be 
propagated from the founding Body in all Di- 
regions, as from a Center:. And farthen if 
they are confined for fomc Time fi-om (prcad- 
ing themfelves by paffing through a Tube or 
the like, will, when they have pafled through 
it, ipread themfelves from the End in every 
Direftion. In like Maimer, thofe which pafi 
through an Hole in an Obftacle they meet 
with ia their ^ay, will afterwards ipread 

thamlelve* 
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fltethJHvesf ff 6fln[ ; thenCfe, as if that was the 
Pkcfe where they began; fo that the Souiid^ 
which fiaflesf through an Hole in a Wall or the 
like, is heafd iA any Situation whatever, that 
fe q6t at too grest a Diftance ^rom it. Some- 
thing andogOus to ttiiS wemay gbferve in the 
Moficill of W a (rosr i)pon the Surface of a Fluicf^ 
which afe prbpagafed equally . through all 
r^rtsof the Surface in a Circle, though occi-^ 
iidried riot by a circular^ bilt reciprocal Motion 
*td Agitation ,6f the Finger or any other Bbdy 
m 4 Ifraimt Line. , . . 

Since the rcpiilfivc Force, with which the 
]Pkrticle$ of Ait ^di upon each other,' is recipror 
cifl5>' kS' theii* Diftances; (Chap! 3. §. io.) it 
l&iibw^,' that when any Particle is removed out 
of ^ts'Race by theiTremors of a founding Body, 
dr the Vibratiofis. of thole which are contiguous 
fo if, it will be driven back . again by the 
fSiiilfive Force of thefe towajcds . which it is 
Ktiptlldcf, With i' Velocity prpportionable to 
^^p'Dittailce frqm \ its proper '!place: because 
b Velocity will be ais the repelling Force. 
Itfe ConleqiieAee of this is,' that, let the 
Diffefftce be gteat or fmalfy it will, rdturn tot, 
ifS ?iaC£J in the 'fa^m^ ^^ihie ; (for the tinte a 
Body tskei .ii|) in ihdvirtg from Place to i^lace 
tv^fl ailwiys .tte thef fame, fo lohg as the Ve- 
locity it mdv^^ /with is proportipfiafete to tbf 
I)!j[la'rtcebetween|thij'W^ The Time there- 
^f e iri \\^ich each Vibration of the Ak i$ 
berlWfmedj defperids oil the i)egree ofRepuI- 

ficxi 
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fioxi in . its Pajrtiiflcs: An4 fo long as that ^ 
riot altered, will bp the fame 'at all Diftancea 
ffom the tremulous Body; confec|UfntJy^,.W 
the Motion of Sound is owing to tbf 'iuQ-. 
ceflive Propagation! of the Tremors of a found-, ^ 
ing Body through the AiV, and as. that Prqpa*. 
^tion cjlepend3 on th? . Tim,e each Tvkmor is 
performed in, it follows, that th^ Velocity, 
of Sound varies as the^ Elafiicity of the Aifj 
but continues the fame at all Diftance§ frpni 
the founding Body. 

And as the A^elocity, with vvhich Sowd \$ 
propagated, depends on the Elafticity of the 
Air, lo it docs alio on its Denfity j for whca 
the Denfity of the Air is augmented, while 
Its Elafticity remains the J&me *, a great Num- 
ber of Particles will move forwards and back- 
wards in each Vibration ; now, fince we fufv 
pofe the Caufc by which they put each other 

♦ Perhaps it will hot appear to^every one, how the Denfity 
of tb^ Air can be augme^nted without' a proportional JncrealQ^ 
of i($ Elafticity ; becaafe, ceteris paribus, the nearer tfee Parci- 
cles approach each other, the ftronger i? the A£bio& of thei^, 
repu]4ve Foree^ 

But it 18 to be ODnfidered, that when the Air bscpmes cold- 
er, its Elafticity is dintinift^ed, and then the Particles are 
]^rough( clofcr together by the Preflare of t^ie Annprphere^. 
till they acquire an Elafticity equal to what they had before ;. . 
*vhc, fi^^a^ anfwer5 to the PreflVire thcy fuftain (Chap, 3^ %. 1 3i.}. 
ProQi h^ACe we may infer, th^t the Propgation of SQU^d i% 
(lower in Winter thaii in vSumnver> wh^i\ the Mercurv in thft 
^roi|ke^r is at the <am^ Height ; for the PreiTure ot the Air. 
being the fame, its Qlafticity ivbich depends upon it,, is fo top ^• 
l^ut t\xpj Air .is dc^fp^ by- Re^QO^ of tii^.CoI^ aftd therefore \\^ 

Vibcwiei» Apwer, .... 
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Sito Motion {iftz. their, Elafticitjr,) the fame, 
they will each receive a Icfs Degree of Velo- 
city ; and fb the Vibrations will be performed 
in a longer Time, whence the Succeffion of 
them will be flower, and the Progrefs of the 
Sound proportionably retarded *. 

Whereas the undulatory Motion' of the Air, 
which conftitutes Sound, is propagated in all 
Pircdions from the founding Bodyj it will; 
frequently happen, that the Air, in perform- 
ing its- Vibrations, will impinge againft vari- 
ous Objeds^ which will refledt it b^ck, and 
fo caufe new Vibrations the contrary Way ; 
DOW, if the Objeds are fo fituated, as to re- 
fleft a luJfEcient Number of Vibrations back. 
(Jviz. fuch as proceed different Ways) to the 

♦ The Method of determining the Velocity with which 
Sound is propagated, is (by the Help of a fhort Pendulum) to 
eftimate the Time, which paiTes between feeing the Fire of a 
Gun at a Diilance, and hearjpg the Report. Its great Velocity 
makes it difHcutt to be determined exa^lly; accordingly Au- 
thors, differ much in their Accounts. The moft accurate Ob- 
iervers Dr. Halley and Dr. "Durham have found it to be about 
one Thoufand one Hundred and Forty-two Feet, which is al- 
moil a Quarter pf a Mile, in a Second. * 

The ufual Experiments to. prove that the Air is neccffary for 
the Propagation of Sound, are fuch as thefe. A fmall Bell, be- 
ing put into th-e Receiver of the Air-JPump, may be heard at a 
oonfiderable Diftance^ before the Air is exhaufled out of it ; but 
when the Air is much rarefied by exhaufting, can fcarcely be 
beard at all. When the Air is condenfed, the Sound is aug- 
mented in Proportion to the Condenfation. Thefe Experiments 
do not only fuccetfd in forced Rarefaidtions and Condenfations, 
but in fuch alfo as are Natural ; Sound t)eing obferved to be 
much weaker on the Tops of high Mountains, where the Air 
is lefs condenfed by the Weight of tlie incumbent Atmofpherev 
th»n in the Valleys belovir. 

feme 
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feme Place,: thc.Soiincl will b6 ttie^c T«^teJ; 
and is called an Echo*, 'hrdj 4iS.'gtmiSi 
the Diftance of the Objefti \Sy th« IdnprvHti 
be the Time, ttefore the Repetition'-^ li^rd. 
And when the Souftd In its Pfbgreft'nic'etsi \Vfrti 
Objedsi at different Dif^ntfcs, '^oBi^vrt tk 
produce an Echo, the iartie Sound %<n^ be-'^^ 
jpeated feveral Times fiicceffively-, adtofdinfe e§ 
the diflferent Diftances of tho|8' Objc^J #bM 
the founding; Body; which niaktfs wli^^s'diQi* 
eA 9L repeated "Exho. . ■ . .,,.yT 

If the Vibrations oftbc trertiulfetw''l>6aj^ 4ft 
propagated through a Idn^Tli be, tliey'iwIUjfe 
continiiairy reverberated' fibm'tbeSfdes' ^'iik 
Tube irito its Axis, an* by t^at ycafa8''ftrt 
veiited ^«h fpreading, till" they' ^tt)iit''4f%'; 
whereby they will be exceedingly (JBCf^SaftA 
dnd the Sound rendered much loud^ lihto it 
^ouM othcrwilfe be f . ^ ' \'^ ^^ » 

T?he Diffei^nce of mjical Toi^S^lJe^JWtft 
on the dil&fent Number of Vibr^tiia«)id^ JK$iiU 
\ manicatcd to the Air, in a given Time, by the 

^ : •' ■■• .• ■':. .- ^ ■■■■'-" -^^^^^ 




* la Wm^ifck I^rir near Oa^jimI; tkmlb tk§am{\}^lAfk 
|iqi9t» dMinai^ ftfvetteen 9f tfabha bif buy; und'OHleMjcii^ 
Night. See PA/'s N«iaral HilH»y of 0;i^n^^. " a • r: 

Tter.RfcaJton; why n rrpdits mme Sydteblts \fy HAfox^ AiA 
%3^ Dayv i« bccaof* tbe j%ir,' bdlfg colder t€'' dull v'^^ k 
ame dMf«f ^tfid^Hicrefore tkeRttarn of the- Mb^iiFibratkas^ 
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Trcmo» of the founding Body ; anti the 
quicker the Succcffion of the Vibrations is, 
the acuter is the Tobc, and e contra. 
^ A mufical Chord performs all its Vibrations, 
l^rhether great or unall in the fame Time. 
For, if a String is ftretched between two Pins, 
and a Force is applied to the middle Pointy 
£9 draw it out of its redUineal Situation ; it 
is found by Esrperimmt, that the Difbnce (tf 
if:, be fmall) to which it is drawn, is as the 
Force applied j confequently the Velocity, 
with which it returns, when left to itfel^ will 
^ as the Space i^ has to move over ; it will 
:(here£)]re oerform all its Vibrations in the &me 
.Time: This is the Reaibn why tbe fame Cfaford, 
however ftruck, produces the iame Note. It 
is olfb fcund by Experiment, that when Strings 
pf ^qual Diam^ers, but different Lengths, 
are equally fhretched, the longer they^ ar«, fi) 
fhiich the lefs Weights will draw them from 
tfa^i^ redUioeal Situation to the fame DIflance \ 

• - • • . • . . " - ^ • r » ^ 

fc • • 

.. ITpo&'^isPrindple it ts/ that Sound is conveyed from one 

%ide of 4 Whijhering Gallery to the oppofite erne, without be* 

ing perceived dv. thofe who ftand in the Middle. The Form of 

ii> WhifptdAGattery is^thitt of a S^ment of « Sphcte, ^or the 

*^e axcned'inguref and thorPi^refs of the Sound diraagh k 

may be illnftrmd in the. fbllowinlg Msiner. - 

•^ ■ Let iABC (%. 14.)^ reprefcnt the ^egmtnt of • Sphete ; 

tind in^)ofe a low Voice uttered at ]>^ the Vibrations expand* 

•ing themfelve& every Way, foAewili impinge upon the Points 

E»£»{9^r.. and from thence be refleded to the PoinuFi from thence 

CO Gy and fo on, till they all meet in C ; , and by their Union 

•^rb csRifea much ft^onger 8l»ttadj ijbaA in an^^ other PkiC of 

.tk^ Segnwttt whatever^.. even at. I) the Point 60m whence 

they came. - 

* ^r * » the 
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the Forces therefore by which they returq( 
are leis, and the Times of their Vibrations^ 
iongen 

When two Chords perform their Vibra- 
tions in equal Times, the Tone produced \s^ 
called an Unifon. If one performs two, while; 
the other one ; 'tis an Oaave. If one three, 
white the other two; 'tis a FfftK If one 
three, while the other four j, tis, called a 
Faurthy &c. , 

To make an Unifon Sound, it is not neceir 
iary, that the Vibrations of the two. Strings] 
fiioukl adually concur, but <mly that tl^y 
Ihould be performed in equal Times ; fo that 
they would always concur, if they beg^ at 
the lame Inftmt. For the Ear perceives not 
the iingle Vibtations diftindly, but only finds 
that Difierence, which proceeds from the In-^ 
tervals of Time, that pals between ahem*. 

* upon tkefe Prmdplcs we may account for ikat reom^ble 
Ffuenomenoii in Mufic^ that an intcnfe Soand being ratfcd^ 
either with the Voice or a fonoroas Body, another fonorous Bo- 
dy near it and in Uwfon with it» will thereby be made to foand. 
For the Vibraciona of the Air» which correfpond to the Tre- 
mors of the firft founding Body« aneeing txidiy^ in Point of 
Tine^ with thefe* which are cap&le of being given to the 
4>ther Body at Unifon with it ; when th^ have by their firft Im- 
polfe oommnnicated a fn&all Degree of Motion to it» wil), by 
confpinng with it as it moves forwards and backwards* conti- 
nually inoreafe its Motion, till it becomes fenfible. The con- 
trary happens in Strings which are in Difcord with each other ; 
ibr in chis Cafe, though the firft Vibration of one may give 
Motion to the other, yet their Vibrations not being performed 
in equal Times, thefeoond will come wifeafoMabiy^ i.e. when 
.the other is moving the cofitrary Way, and obftru^ its Motion. 
Jtis farthei' obfervable, tk&t in two Strings, one of which vi- 
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\M^, tvioe, while tbc other once; if the ixi. be ftpndcd^ 
Se^o Ext reams bf the other will each tbimd an Uiuioh with 
pt^ wiMle the Iniddle Thxvtt remaini at Reft* So ]/[ o»e vS>rates 
thrice, while the other once, the laft will be divided into three 
Pait> «iich of which will found an Uniibi\ with it, and the two 
Foists between thcfe Parts will remain at Reft. For ot^ier- 
^eidut Which vibnvtes twice, while the. other oaiae, noft ne- 
ce&nl^ inierfere with it at every fecond Vibration ; and that 
which vibrates thrice, while the other once, would interfere 
with k ^t tirtry thirds A> that It would not be pilt into a fiifi« 
^fnt Motion /o prodiice a Sound. But, when h. b divided 
by the quiefcent Points, it becomes fo many Strings at Unifoa 
witlr the formfer, eadi of which ea&lf receives iu Vihratibns 
£rom thence. 

Pkxb. hence iikewifc it is< that, if We . take two or three 
drinking Ciafles, and t^ut fome Water or other I luid into eacl^ 
df Hi^ih, 'and place them near to each other, taking Care to ^11 
theiR>; to fuch Heights, that (when ilrnc^) their Tones fliall 
ht In^niToi; ; and then, if we Hide the Fi'n?er along the Brin 
{Si dnfe of tjic Glaifes, preffing pretty IlrongTy opon it, (which 
will. C4fl[le it to found) we (hall fee the ^trface of the Fluid! 
in the, ot}ier GlafTe* begin to tremble ; -which ftews that the 
Vibraiions of the iirft Glafs caufe the like in the other at 
Unifon with it ; though not perhaps in a. Degree fulBcient to 
produce 11 Scond, Sfi^ig enough to be heard diftrndly from 
the former. 

Thus it is that forne Perfons ate aWe to break* a drinking 
Glafs by a Tone of their Voice at Unifon with it.- They firft 
try ths Tone of the Glafs by ftriking it, then ' applying their 
Mouth near to the £rini of ii, found the fame Note with th^ir 
Voice I this fets the Glafs a trembling ; they then continually 
raife their Voice, founding flill the fame Note i this encreafia 
the Tremors of the Glafs, which by that Means (if it is not 
too ilrong) is broke in Pieces. 

The EifedofAfif/r uponPerfcns bit with the iTaramiula^ (if 
the Accounts we have of it from Abroad may 'bt credited) is 
very furprifing. A Perfon bit wlch the larantmta afcer fome 
Time lofes both Senfe and Motion, and dies if ddftitute of 
Help. The moil efFcaual Remedy is Mufic. The Mufician 
tries Variety of Airs, till he hits upon one that aiFeiSb the Pa* 
tientf who . upon that begins io move by Degrees ; firft keeps 
Time with his Fingers, Arms, and Legs, gfcerward5^ is vio- 
lently agitated in every Part of his Body ; and then leaps up, 
begins to dacce» and eacreafet in Adliviiy every Moment ; till 

after 
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after ^vt or fix Hours, being very much ^tigoed, he is put to 
Bed and left to fweat. The next Day tho fame Air brings 
him oat pf Bed for a new Dance. Which Exercife being thns 
continned, the Di^emperns^abaced^kr tho Space of jout ff-five 
Days, fhe Effe^ls'^f the -^iec being in fomc Mc^afc Carried 
off by Sweat, and the Patient begins then to recover his Senfe 
and Knowledge by little ted little. • v 

The Reafon Why the fatiftat is thy^ affcfted by' tie Mufity is 
becaufe the Nerves of his Body are fo difpofed in that Diilem* 
cq-4 as j»c(Uy tp ibe agii;ated by the Vibrations «^ich't|re <eeiit- 
Boned by'the PrSnciple and Airoiger Notes of what ^s plaj(flld. 

^^n cb^^i^t^^ft of 4his<DliBrtai&oB, PhiMbph. Tnui6& 
Ko. 134, 24j,.^o2, 3 1 ^. 3*9 337- . Hift- 'd^ TAc^d. ijos^ 
lydS. Gre^s Cofoolog. Sacr. Bbolc J. Chfiap. 5. Mtad opOtt 
Poifons, p.' 59. KtfFs AnsmiOjf, p. 214. Bi^Jhii TltAiL, NMkk 
JMert I. Antt^i de yrinis 1c Pulfibus, ice (A-fiac OPJiitis 
tde Mania. 
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DISSERTATION IL 

Of Capillary Ttubes. 

T zCapiUafyTube is generally underilood 
a Glds Pipe ; the Diameter of whole 

re is at moft bat about one tenth of an Inch; 
though any Tube whofe Cavity docs not ex- 
ceed that Magnitude, inay be & called 

The Phamomena of Capillary^ Tubes being 
fuch as contradid a known Law in HyJro/la^ 
tics J viz. that a Fluid rijes in a Tube to the 
fame Height with the Level of its Sowrce*-^ 
and likewifc of Affinity with the Afccnt of the 
Sap through the Stems of Plants for the Nou- 
rimment of their Fruit, and with divers other 
Operations of Nature: it has been thought 
01 no iinall Moment in Philofb{^y to &id 
cut and eilabliih their true Cauie ; which af* 
ter numerous . Experiments and feveral Con- 
jedurcs about it, is found to be no other than 
the Attra^ion of Cohefion; by which fmall 
Particles of Matter mutually adbete together 
and form larger Bodicsf. lihall lay down 

* See Chap. I. $. 9. Cafe 4. in th^ Notes. 

f See Hauhhee^ and Ttnver^ Experiments. Muffchinirwck 
4to Edit. Fhilofoph. Tranfa^ No. 35 j. Mem. de TAcad.' 
1705, 17149 1722, 1724. With others referrM com(<u2c^« 
oncs Fhilofoph. 
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the ieyeral'PhflSQoineoa^ iis fo many Mattors^of 
Fad; and fubjoin to each a Sdution fiomthat 
Cau^. In Order to Avfucb, it may pot be; 'un- 
proper to premife the following Confideiation 
by Way of Z^^mt* 

Let us fuppbfe the Vefiel ABCD {Ftg. 15.) 
filled with a. Fluid to the Height IMy and 
let it be : conceived as ctivided into the equal 
Portions EFGH, GHII^, IKLM, @c. ftt- 
ther, let it . be fuppofed^ that each Particle of 
Matter in^ the inner Surface of the Veflei, has 
a Sphere c^ Attmd:ion<», whofe Semidiatneter 
ia equal to the. Breadth of three of tboie Fon^ 
tions; that is to fay, i;hat the Attradion of 
the Particle M. reaches .upwards as £ir as F^ 
and down^M^da.^as £tr as. S;; and that, of tht 
Particle O, itpwarda a^ * &Jr as. H, and; down^* 
, wards as iar as U: ^and io oC ail. the reftqoiitt 
round the Tube. From hence it will folio w^ 
ihat every Partide of die inner Surface of the 
Veflcl, which lies between EIP and RScon- 
ipires in endeayouriog to^raife the Fluid, to^ 
•wards AB the Top of the VelTel j and that 
the Fl6id is not affedcd by any other. For 
Inftance^ the Particle S, and all below it^ wiH 
attraft downwards three Strata of the Fluid 
(fuch as are contained in three equal Divifioos 
of die Veflei) from above, and as many up- 
wards from below ; and therefore will have no 
££fed at all. in^ railing or depceifing the Fluid. 
But the Particle Qjwill attraft only two Strata 
downwards ; becauie there are no more above 

it. 
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it, add three upwards, and therefore wfll vx 
femeMsafiire tend tbrai& th« Fluid; lb iht 
l^tade O will attraA but one downwards 
and cbtee upwards^ the Paf dele M none dowm^^ 
wards, and three upwards ^ die Particle K^ two 
tipwards, and H ic^y* one: AA which may 
dearly be feenb^ tbeirSotuaCionsin the Figure 
Vifh Refpeft to the Surface of the Fltfid. 
Thercffore ih every Veflel, where the&reis a mu- 
tual Attradion between t^e Fluid it contains 
mid the Particles of which it is compoied, there 
will be a certain Number of Particles dii^ofed 
ground it in Forto of a broad 'Periphery or 
Zone as reprefertted by AB;- {iFig. i6*) half 
of v^hich lies above the Surface c^theFluicl and 
tialf below it, that will tend to make it rife^to^ 
wards the Top. This being underfiood, the 
follDwlng Phenomena will not be dtiieuk^. 

* I ha^iB been the morr iwtticidiu' iir exfbibii^ithis Lmmfii^ 

becaufe it is not a bare ferifbiry of dd Br^am, to wl^i^ 

the Aftci^ of the Fluiel is owing, but a Xone or Cingulum <{f 

*Fai^id«s 4iftendedeqttall3^ ift Breadth botb wayvfrom the8i|f- 

&4^pf|h«rfluid; a^. becaafe it i» iipqp t#^,Bri^dt}i ^f |;^» 

thi^ feme of the Allowing Solutionis., ^d^pep^. ;^s to t^ 

'^icknefs of it, tfaafundoobtedly is equal ^ the%3liidia^etfir 

i»f the.Spfawe cdFAtcniaipttin^che Fartidcs dfitle Veflel i. and 

Uhenefore VeiTeis,. whofe Sides are of <ti$»«nt Thidcnefts ^e- 

Vided thofe ThickneiTes he lefs t^an that Semidiameter) muA 

/iuive diffmm Efi£ls yxfwn the fstme Plmd, diou^ no one has 

jA ^t been {o aocu^ la^^'^oUerve it. 'Dk l^afonu 3f %> 

Fluid will not rife in a large VeJOTel, as j^I as in one chat is 

'Capiliary, is becaafe the AttmQion of its ?|Lrtlcles does not 

.reach &r enough into the Middle of theVeiflU % and-tiieMfbte 

.it.oolf rifea about (he Sidp^ ftandile Ufher than in tjie 

* Middle : As mav be feen in a Drinking-GIa», when a Quantity 

^€f' Water id pm into it^ fomevrhat lefi tnan is (n£cient to-JSII it: 

I. Let 
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I. Let there be two Capillary Tubes AB 
and CD {Pig. 17.) open at both Ends; and 
having their lower Orifices A and C immer- 
gcd below the Surface^of the Water contained 
in the Veffel FGHI : The Water will imme- 
diately rife up in each Tube above. the Si^rface 
of that in the VeflTel, beginning with a fvVift 
Motion, which will gradually decreafe; till 
as much Water has entered the Tubes, as they 
are able to raife : And the Heights to which 
the Water will rife in them, will be recipro- 
cally as^ their Diameters. 

That the Water ought to rife in both Tubes 
is an immediate Confequence of the foregoing. 
Lemma ; becaufe the Column of Water with- 
in the Tube is rendered lighter than an ecjuat 
Column on the outfide, as being attraded up- 
wards by a Portion of the interior Surface of 
the Veffel j and therefore will rile ti 11 it be- 
comes as much longer than the external ones 
as it is made lighter ; that the Equilibrium^ 
which was deftroyed by the Attraftion of the 
Tube, may be reftored by the Weight of the 
Cokmn. The Reafon that the Velocity with 
which it rifes, ought conftanriy to decreafe, is 
becaufc the heavier the Column is, the lefs is 
the Effe^ of the Attraflion, which is always 
the fame in a Tube of the fame Diameter* 
And laftly, the Heights to which the Water 
riles in them, will be reciprocally as their Dia- 
meters ; for then the Quantities raifed will be 

H dircaiy. 
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diredly as the Diameters* ; but the Peripheries 
that raife them, (being always of the fame 
Breadth and having their Lengths equal to the 
Circumferences of the Tubes,) are as thofe Di- 
ameters j the . Quantities of Water therefore, 
being in the fame Ratio, are as the Peripheries, 
i. e. as the Caufes by which they are raifed. 

.II. If the Tubes, before they are immerged 
in the Water, are filled to greater Heights, 
than thofe to which it would naturally rife in 
them ; and then have their lower Orifices im- 
merged in Water, the Water will fubfide till 
it ftands in each at the fame Height to which 
it would have rifen ; but, if they are held in 
a perpendicular Pofition without being immer- 
ged, the Water will not fubfide in the Tubes 
quite fo far. 

The Reafon why the Water in the Tube, 
when its lower Orifice is immerged, fubfides 
to the fame Height it .would have rifen to, had 
the Tube been immerged when empty, \s be- 
caufe the Column is fufpended in one Cafe by 
the fame Caufe, by which it is raifed in the 
other ; but when the Tube full of Water is 

* The Heights to which the Water rifes, l>eing in a recipro- 
cal Ratio of the Diameters ; and the Contents of Cylindrical 
Tubes being in a direfl Ratio of their Heights, and of the 
Squares of their Dismeters ; the Quantities of Water raifed in 
this Cafe will be in a reciprocal Ratio of the Diameters, and 
a dired one of the Squares of the fame. Now thefe two Ratio's 
being compounded together, give the direA one of the'Dia- 
* meters themfelyes ; becaufe the iimple reciprocal Ratio dellroys 
one of thofe, which are contained in th9 direft pne of th« 
Squares^ 

held 
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held ered, without being immerged, k will 
not fubfide quite fo far ; becaufe the low^r End 
of the Tube, which the Water leaves behind 
it as it drops out, attrads it the contrary 
Way ; fo that the Column in this Cafe is fuC- 
pended.not only by the inner Surface of the 
Tube at the Top, but alfo by its lower End ; 
and therefore a greater Quantity of Water is 
fufpended than in the former Cafe. 

III. If a Tube, having its lower Orifice im- 
nierged m Water, be held obliquely, it will 
laife the Water to the fame perpendicular 
Height^ as vyheii held ered. ' 

For fince Fluids prefs according to their 
perpendicular Heights, the Weight of the Co- 
lumn raifed will not be proportionable to the 
^tractive Force of the Tube, till it has arrived 
at the fame perpendicular Height, tx> which it 
would have rofe, if held ereft. 

IV. If a Tube, when the Water is rifcn in- 
to it to Its wonted Height^ is laid in an Hori- 
zontal Situation, the Water will move tovvards 
the Middle of the Tube, leaving the End 
which was immcrfed a little behind. 

The Solution of this,Phxnomenori depends 
on what was obferved in the Lemma about 
the Breadth of the attrading Periphery, and 
Its being equally fituated on each Side the 
Surfece of the Water ; for from thence it fol- 
lows, that if the Water fhould not run from 
the full End of the Tube, after it has laid in 
an Horizontal Situation, but remain cbutiguous. 

Hi to 
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to it ; that End of the Column of Water would ^ 
be attracted only by fuch a Portion of a Peri- ^ 
phery as lies within its Surface at that End ; 
becaufe the End of the Tube coinciding with 
the Surface, the other Half of the Periphery 
is wanting. Whereas, at the other End of 
the Column, there is a Periphery whole Breadth 
is entire ; which overpowering the other, 
caules the Water to move towards the Middle 
of the Tube, till as much Periphery is left be- 
hind^ as can at once affed the W^tcr by 
the Attradion of its Particles; iafter which 
the* Water being attrafted equally each way, 
remains at Reft. 

V. Jjtt there be ^ Tube (Fig. i8.) con- 
fifting of two Parts DJt^and RCK, of<iiffc- 
rent Diameters ; it follows from what has been 
faid, that DR the fmaller Part of the . Tube, 
is able to raife Water higher than the other : 
Xet then the Height to which the larger would 
.Taite:it be TF, and that to which it would 
fife in the leflfer (was it continued down to 
the Surface of the Fluid) be XL. If this com- , 
pound Tube be filled with Water and. the 
larger Orifice CK be immeried in the lame 
Fluid, the Surface of the Water will fink no 
farther than XL ; the Height to which the 
leff^r Part of the Tube would have' laifed it. ' 
t if the Tube be inverted as in Fig. ip4 
fmaller Orifice XL be immeried, the 
■ - . : > 'ill run out till the Surfeee fells to TF; 
the iiv..^./it to which the larger Part of the 

Tube 


r- 


\.i % 


7f 


i 


\62. 





\ 




Diflert; 2. Of Capillary Tubes. 65 

Tube would have raifed it. The Siac of the 
lower Part making ho Alteration in the 
Height, at which the Fluid is fufpendcd ia 
cither Cafe. 

In order to account for thele Phacnomena, 
it muft be confidered, that when a Body is {o 
difpofed^ that its difierent Parts (hall more 
with different Degrees of Velocity, the great- 
er Proportion the Velocity, of that Part to 
which a moving PoHver is applkd, bears -to 
that of the reft; £b much the more effectu^ 
is the Power in movir^ that Body : As is the 
known Caft of the Lsver^ and aU the other 
Mechanical Powers. 

Now let tis conceive the Tube DR (Fig. 
18.) continued down to HI, and let it be 
fuppofcd at prcfcnt that the Fluids contained 
in the. Tulye XLHIy and the compound one* 
XLKG, arc not fu£pended by the Periphery 
at L, but that they prcfs upon their rcfpeilivc 
BafesHI and CK. Let it i&rther be fuppofcd 
that thcfe ' Bales are each of them moveable, 
and that they are railed up or let dow» with 
equal Velocities ; then will the Velocity with 
whidi XL ithe uppermoft Stratum of the Fluid 
XLGK moves, exceed that of the fame Stratum, 
confidered as the uppermoft of the Fluid in the 
Tube XLHI, as much as the Tube RCK 
is wider than DR (by the Lemma Chap. i. 
^ ^.) that iai, as* much as the Space MNKG 
exceeds XLIH; confecjuently by what was 
obfcrvf d in the Iwegdng Paragraph, the 

Efie^ 
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Efied:. of the attrading Periphery XL, as it 
ads upon the Fluid contained in the Veffel 
XLCK, exceeds its Efifed, as it ads upon 
that in XX.HI, in the fame Proportion. 
Since therefore it is able {ex H^poth.) to fuf. 
tain the Weight of the Fluid XLHI* by its 
natural Power, it is able under this Mechanic 
cal Advantage, to fuftain the Weight of as 
much, as would fill the Space MNKC : But 
the Preffurc of the Fluid XLCK is equal to 
that Weight, as having the iame Bafe and 
an equal .Height (Chap. i. $'• p.) its Preffure 
therefore, or the Tendency it has to de- 
Icend in the Tube, is equivalent to the Pow- 
er, of the attraftihg Periphery XL, for which 
Heafon it ought to be fufpended by it. 

Again, the Height ( Fig. i p. ) at which 
the attrafting Periphery in the larger Part of 
the Tube is able to fuftain the Fluid is no 
greater than NF, that to which it would have 
raiied it, had the Tube been continued down 
to MN. For here the Power of the attrad- 
ing Periphery ads under a like Mechanical 
' Dilad vantage ; and is thereby diminifhed in 
Proportion to the Capacity of the Tube TFNM 
to that of HIXL ; becaufe, if the Bales of 
theie Tubes are fuppofed to be moved with 
equal Velocities, the Rife or Fall of the Sur- 
face of the Fluid TFXL would be fo much 
Ipfs than that of TFMN. And, whereas 
the attrading Periphery TF is able by its na- 
tural Power to fu^end the. Fluid only to the* 

Height 
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Height NF in the tube TEMN ; it is in thi«. 
Cafe able to fuftain no greater PrelTure than: 
what is equal to the Weight of the Fluid ia 
the Space HIXL : but the Preffure of the 
Fluid TFXL which has equal Height and the 
fame Bafe with it, is equal to- that Weight; 
and therefore is a juft jEquifondium to the at- 
trading Power. 

VL From hence we may clearly fee the . 
Rcafon, why a fmall Quantity of Water put 
into a Capillary Tube, which is ^of a Conical 
Form and laid in an Horizontal Situation, 
' will run towards the narrower End. For let 
AB {Fig. ao.) be the Tube, CD a Column 
of Water contained within it ; when the Fluid 
moves, the Velocity of the End D will be ta 
that of the End C reciprocally as the Cavity' 
of the Tube at D, to that at C (by the Letn^ 
ma Chap. i. ^. p.) that is reciprocally as the 
Square of the Diameter at D, to the Square 
of the Diameter at C* ; but the attrading Pe- 
liphery at D is to that at C, ^ in the fimple Ra* 
tio of the Diameter at D, to the Diameter at 
C. Now, fince the Effed of the Attradion 
depends, as much upon the Velocity of that 
Part of the Fluid where it ads, as upon its 
natural Force, its Effcft at D will be greater 
than at Cj for though the Attradion at D 
be really lefs in itfclf than at C, yet its Lofe 
of Fprce upon that • Account, is more than 

comi)enfate(| 
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coittpenlated by the ^^/&^;?/V<ji/ Advantage it 
hafi, arifing from hence, w^. that the Velo- 
city of the Fluid in that Part is greater than 
it is at C, in a greater Proportion than the 
Force itfelf is lefs : The Fluid will therefore 
^ pioVe towards B. 

VII. From heijce. Ukewife it follows, that 
if a Veffel as ABC (reprefented Fig. ai.) of 
any Forai whatever, have its uppet Part drawn 
Out into a Capillary Tube as B ; and if this ^ 
Veffd IS filled with Water, and have its lower 
Orifice placed on FD the Surface of the fame 
Fhiid ; then the Water will remain fulpended 
in the Vfefiel, ' provided the Capillary at the 
Top befinall enough, (was it continued dowri 
to die Bottom) to raife the Fluid to the Height ' 
B* Becaufe, by Propofition the fifth, the 
lowelr Part of the Tube makes no Alteratioii 
in 'the Height, at which the Capillary B is able 
to fuftain the Fluid. 

VIII. And if the fame Veffel be filled only 
to the Height DE {Ftg. 22.) and a Drop of 
Water be put ihto the Capillary at B, (the in- 
termediate Part BDE being full of Air) the 
Water will continue fufpended at the Height 
BE. 

For, although tfie Fluid ACDE is notiri 
Contad with the Drop of Water in the Ca- ^ 
pillary Tube, and therefore not immediately ' 
filpportedby it; yet the Preffure of the At^ 
mofphere upon the Surface FG, and againft tjie 
upper Part' of the Drop in the Capillary R 
( ^ keeps 
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keeps the Fluid ADEC, and the Drop and the. 
intermediate Air from feparatiag, juft as in 
the former Cafe the Attradion of Coheiio» 
in the Particles of the Water prevented a" 
Separation between that in the Veflel and- 
that in the Capillary. Confequently, as the. 
Water in the Capillary was able in the former' 
Cafe to fiiftain as much Fluid as the Veflel 
could contain, it is now fufficient to fuftaia. tlic. 

Fluid ADEC* ' ^: 

IX. Let there be a Capillary Siphon, as' 
that reprcftnted Fig. 23, 114 or aj, and let EF^ 
be the Height, to vvnich Water might be rajftct. 
by a Periphery equal to that- at A. Now,iioce'^ 
(as was obfervcd 9. 2 ) the lower Ehd'of a Tube . 
when it is not immerged, caufes a longer p6-' 
lumn to be fufpended than .otl:ierwife .w6uld 
be ; that is, it fupports a fliort Column befides. 
that which is fuftained by the attrafting Peri- \ 
phcry ; let HI be the Height of fuch.a Co-** 
lumn 3s might be' fufpended by the End. C >^^ 
then, if any .of thofe Tubes aire filled w^th 
Water, and held as in the Figure (neither End* 
being immerged) the Fluid will run out of 
the Tube at C, if CD the Difference of the' 

• This happens quit^ othcrwife in Vacuo, i)C(iaufe the Pref- 
fare of the Air, which, > as it were, conne£b the Drop with th^^- 
Water ADEC, being wanting, it inunediately fails for Want; 
of a Support. Whereas the former Phenomenon equa^}^ Aic* 
ccfcds in Vacoo; which (hews that the Parts of the Fluid in the 
Veflel are connefled with each other, and with that in'tho 
Capillary by their own mutual Attradion of. Coheiiony there, 
bting nothitjg elfe whereby they can be fiTppdrted. 

I Legs 
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Ileg$ exceeds EF and HI added together, 
othcrwife not. 

/For. the Column AB is a Counterpoile to 
l^b^ being of the fame perpendicular Height; 
atld therefore it is only the Weight of the Co- . 
liimti CD, which determines the Fluid to move;, 
tihlefs that Weight therefore exceeds the Force 
df';th6 attra^ing Periphery at A (which the 
Fluid AB muft leave in rifing up the Tube) 
arid alfo what may be fupported by the End 
C, that, is, {ex H^oth.) two Columns whole 
Heights are EF and HI, it cannot run out at 
CJy otherw;ife it will, as being deftitutc of a 
Ihfficlent Support. ^ 

;' X. if the End A is immerged ia Water and 
the other not (liippofing the Tube fuU as be- 
i^re,) it will run out at C, though CD the 
Dfperence of the Legs, only exceeds HI. For 
then the Attradion at A ceafes, and there is 
nothing to fuppprt the Column CD, but the 
Povyer the End C has to prevent Drops from 
felliii| 9ff it. , 

^ XL Again, if the End C is imiherged in 
Water, (and the other not) it will run out a^ 
C,^ if CD exceeds EF, otherwife not. 

^ For in this Caft, there is nothing to fiipport 
the Column CD, but the attrafiing Periphery 
at A, whofe Power is fuppofed able to raife a 
Golumn as EF, and no more. 

" Xtl. And, if both Ends are immeried (the 
Tube beii^ fuppofed fall as before) the Water 
\viH'ruinout at the lower, which eyer it is* 

For 


Diflert. 2. Of Capillary Tuhes. 69 

For then the Attradion of both Ends ceafis \ 
and the longer Column over-balancing" thei 
ihorter, the Fluid is determined thereby to run 
out at the lower End. 

XIII. If either of the Tubes {Fig. 23 or 24.) 
are fmaO enough to raife the Water from. A to 
B, and if the Orifice A is immerged, the Fluid 
^ill rife to B, pafling on to C, where it will 
run out or be fuipended according to the fore-' 
going Cafes : but if the Periphery at G {Fig, 
%$.) is fiich as would fupport a Column of 
the Length of AM only, and if the Tube be 
filled from A to that Periphery (the Extremis 
ty A being ftill immerged as before) the Li- 
quor will proceed no farther, but remain in 
the Pofition in which it is put. 

. For. that Fluid which has pafiled B affifts by 
its Weight the attrading Periphery in raifing 
the Column AB, and therefore it runs down to 
G. But, if when the Tube is filled to G, the 
Periphery there is not able to fupport more 
tjian AM the Difference of the Legs AB and 
BG, the Fluid muft neceflarily ftand there ;. 
fince BG is no more than a Counterpoife to 
MB, and AM is fuppofed to be as mqch as 
the Periphery at G can fuftain. 

XIV, Tho' a Capillary Tube be fliorter than 
the Height to which its attrading Periphery is 
able to raife a Fluid, v. g. tho' the Tube AB 
(F/f. 16.) be finall enough (was it of fufficient 
Length) to raife Water as high as C; yet 
when the End A is immerged, the Fluid will 

I 2 not 
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not run out at B, but only be fufpcndcd at 
• that Height. 

For when the Fluid is rifen as high as B, 
it has then no more Periphery above it, to at- 
tiafl: it any farther^ and if it was forced up a 
little above the End, it would be attraded 
back again by it*. . ■ 

XV. Tlie Afccnt of different Fluids in the 
fame Tute is various*. Muffchenbr&ek has found, 
that in a Tube in which Water will rife to 
the Height of twenty fix Lines, Oyl of Worm- 
wood will rife but eighteen or nineteen, where- ^ 
as : Urine will rife thirty three or thirty four. 

* Hence we fee the AEfardity of fjppofmg that a Fluid may 
be made continually to flow from a lower Place to an higher by 
a Capillary Tube, asfuch 5 for whether* the Tube be of fuch 
Form, as is reprefented Fig. 23, 24, 25, or 26. The Fluid 
will always Hop when it conies at the higher End ; becaufe the 
Attraftion IS then in a Dircftion contrary to its Motion, and 
'the Weight of the whole Fluid, if the Tube is ftraight, or of 
ib much as is contained in DC the DiflTerence of the X^gs, if 
it be crooked, is likewife an Impediment to it. 

Hence alfo the Abiordity of fuppofing a Fluid to circulate by 
Virtue of a Capillary Tube^ as fuch. For fuppofe the Ends of 
the Capillary Tube joined together, fo that the Tube fhuH re- 
turn into itfelf; if the Tube be not full of Liquor, the Liquor 
will place iifdf as near as poflible to the fmalleft Part of th* 
Tube, as may eafily be inferred from what was obfervqd ia 
^. 6. and will reft there : if it be full, in which Cafe the Ex- 
tremities of the Fluid join, then there is no Periphery or Zone 
of Particles lymg part oat of the Fluid, and part in it^ and 
confequently all Ground or Caufe of iVIotion, fo iixx as it arifes 
from the 7 ube being capillary, is entirely taken away. And 
if Part of the Tube be capillary, and Part not, the Cafe is ft ill 
the fame. How ridiculous then is it to ^fHrrn, as fome have 
done, that the Circulation of the Animal Fluids is pro-i 
moted by the PafTages through whi^h they flow, being of that 
Kind \ 

The 
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The Realbn of which is, becaufe fbme Fluids 
arc attraded more ftrongly by Glais, * ^han 
others are. Mercury exhibits Phasinomena juft 
the Reverfe of the former; for if the End of a 
Capillary Tube be immerfed below the Surface 
of that Fluids it will not rife in the Tube to 
a Level with, that on the outfide. This is 
becaufe the Particles of Mercury attraft^ each 
other more forcibly than they are 'attracted by 
thofc of Glafs *• 


* Sec Jurin's Differt. Philofoph. Tranf.' No. 363. 

According to Mujfchenbroek the Length of the upper Part of 
a Tube, which is above the Height to which it is able to raife 
a Fluid, conduces fomcthing' towards the raifingit; and there- 
fore in a longer Tube a Fluid rifes higher than int one of the fame 
Dimenlions that is Ihorter; and if a Tube, with fo inuch Fluid 
contained in it, as it is lable to raife, be hid in an Horizontal 
Situation/ the Fluid will run to the Middle of it. But of this 
I have had no Experience : 'Tis poflible that ingenious Profef- 
for though very accurate in making Experiments, might herein 
be deceived. He acknowledges, (Experiment the fifteenth,) that 
it fometimes happens otherwiie. 

Other Authors, befides thofe already referred to, that have 
treated on this Subject, are Boyle Exper. Phyf. Mech. Exp. 9. 
5/«rzwtfjColleg. Cur. Tentam. 8. Bernoulli Grsivit, Mth. Hooke 
Mjcrog. Obfer. 6. Leeurvenhoek Continual. Arcan. Nat. Epift. 
131. 5/W«/W Art. Gravit. 
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DISSERTATION III. 

Of the Origin of Fountains. 

• 

MANY have been the Conjedures of 
Philofbphers concerning the Origin of 
lins; and g?eat Pains have been taken 
both by the MeiAbers of the Royal Society, 
and thole of the Academy of Sciences at Tarisy 
in order to aicertain the true Caufe of it. It 
ivas Aristotle's Opinion, and held by moft 
of the ancient Philofbphers after him, that the 
Air contained in the Caverns of the Earth, 
being condenfed by Cold near its Surface, was 
thereby changed into Water j and that it made 
its Way through, where it could find a PzC- 
lage. But we have no Experience of any fuch 
Tranfniutation of Air into Water. 

Thofe, who imagine that Fountains owe 
their Origin to Waters brought from the Sea 
by fiibterraneous Duds, give a tolerable Ac- 
count how they lole their Saltaefs by Perco- 
lation as they pais through the Earth ; but 
find great Difficulty in explaining by what 
Power Jiie Water rifes above the Level of the 
Sea, to near the Tops of Mountains, where 
Springs generally abound j it being contrary 
to the Laws oiHydrofiatics^ that a Fluid fiiould 
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rife in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themfelves 
from this Difficulty. The one is that of 
Pes Caktes, who imagines, that aftet 
the Water is become , frefli by Percolation, 
it is raifed out of the Caverns of the Earth 
in Vapour towards its Surface; whelre meet- • 
ing with Rocks near the Tojps' <jf Moun- 
tains in the . Form of- > Arches or . Vawits, it 
flicks to them, and runs down their Sides, 
(like Water in an Alembic) till it meets 
\vith proper Receptacles, from which it fup- 
plies the Fountains;' Now, this is a mere 
Hypothefis without Foundation or Probabi- 
lity ; for in the firft Place we know of no 
internal Heat of the Earth to caufe fuch ' 
an Evaporation ; or if that were allowed, yet 
'tis quite incredible, that there Ihould be any 
Caverns fo finooth, and void of Protube- 
rances, as to anfwer the Ends of an Alembic, 
in coUeding and condenl^ng the Vapours to- 
gether, in every Place where Fountains arife. 
There are others (as Varenius, @c\) who 
fiippofe that the Water may rife through the 
Pores of the Earth, as through Capillary 
Tubes, by Attraftion ; but hereby they fliew, 
that they are quite unacquainted with what 
relates to the Motion of a Fluid through fuch 
Tubes, For when a Capillary Tube opens in- 
to a Cavity at its upper Endj or grows larger 

and 
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^nd larger, fb as to ceafe to be Capillary at 
^hat End ; the Water will not afcend through 
that Tube into the Cavity, or beyond where 
the Tube is Capillary; becaufe that Part of 
the Periphery of the Cavity, wliich is partly 
above the Surface of the Water^ and partly 
below it^ is not of the Capillary Kind. Nay, 
if the Cavity is continually fupplied with 
Water, it. will be attradcd into the Capil- 
lary Tube, and run down it, as through a 
Funnel, if the lower End is immerged in 
the fame Fluid, as in this Cafe it is fuppofed 
to be *. 

It has been a generally received Opinion, 
and much efpoufcd by MARRiOTT£(a 
diligent Obferver of Nature;,) that the Rife 
of Springs is owing to the Rains and melted 
Snow. According to him, the Rain- Water, 
which falls upon the Hills and Mountains, 
penetrating the Surface, meets with Clay or 
Rocks contiguous to each other, along which 
it runs, without being able to penetrate them, 
till being got to the Bottom of the Moun- 
tain, or to a confidcrable Diftance from the 
Top, it breaks out of the Ground and forms 
Springs. 

In Order to examine this Opinion, Mr. 
Perrault, De la Hire, and D. Sibe- 
lEAU endeavour'd to make an Eftimate of 
the Qdantity of Rain and Snow, that falls in 


* See the foregoing DiiTerutlon, Se^. 14. 


the 
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the Space of a Year, to fee whether' it would 
* be fufficient to afford a Quantity of Water, 
icqual to that which is annually difcharged in- 
to the Sea by the Rivers. The Refult of 
whofc Inquiries was, that the Quantity of 
Rain and Snow which fell in a Year into a 
Cylindrical VejQTel, would fill .it (if fccured 
from evaporating) to the Height of about 
; nineteen Inches. Which Quantity D. S i D e- 
1, E A u * (hewed, was not fufficient to fup- 

?Jy the Rivers; for that thole of England^ 
reland^ and Sfam difchargc a greater Quan- 
tity of Water annually, than the Rain, ac- 
cording ta that Experiment, is able to lup- 
jply. Befides which, another Obfervation was 

^ made by them at the lame Time, w^. that 

) the Quantity of Water raifed in Vapour one 
Year with another, amounted to about Thirty 
two Inches, which is thirteen more than falls 
in Rain : A plain Indication, that the Water 

' of Fountains is not fupplied by Rains and 
melted Snow. 

Thus, the true Caufe of the Origin of 

\ Fountains remained undifco veired , till Dr. H Ai- 
liY in making his Celeftial Obfervations upon 
the Tops of the Mountains at St. Helena^ about 
eight Hundred Yards abov? the Level of the 
S^, found that the Quantity of Vapour which 
fell there (even when the Sky was clear) was 

* Memoirs of the Royal Academy of Sciences for Ithe Year 
1693. 

; ^ . K fo 
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{b great that it very much impeded his Ob- 
fcrvations, by covering his Glafles with Water 
every half Quarter of an Hour ; and upon that 
attempted to determine by Experiment the 
Quantity qf Vapour, exhaled from the Surface 
of the Sea, as far as it rifes from Heat^ in 
order to try, whether that might be a fuffi-, 
cient Supply for the Water continually dis- 
charged by Fountains. The Procefs of his 
Experiment was as ibllow& He took a Veflcl 
of Water falted to the fame Degree with that 
of Sea^ Water, in which he placed a Thermo- 
meter^ and by means of a Pan of Coals^ 
brought the Water to the fame Degree of 
Heat, which is pbferved to be that of the Air 
in our hotteft Summer : This done, he affix- 
cd the Veflfel of VVater with the Thermpmc- 
ter in it, to one %v\A of a Pair of Scales, and 
exaftly counterpQifed it with Weights on the 
other. Then, at the End of two Hours, he 
^und by the Alteration made in the Weight 
of the VefTel,- that about a'fixtieth Part of aa 
Inch of ^e Depth of the Water, was gone off* 
in Vapour ; and therefore in twelve Hours, one 
tenth of an Inch would have gone off* Now 
this accurate Obfervcr allows the MediUr^ 
rmean Sea to be forty Degrees long and four 
broad ; (the broader Parts compenfating for 
the narrower; Ho that its whole Surfece i$ on^ 
Hundred and fixty Iquare Degrees j which ac- 
cording to the Experiment muff yield at leaft 
five Thoufand two Hundred and eighty Mit- 

Uont 
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lions of Tons of Water. In which Account, 
no Regard is had to the Wind, and the Agi- 
tation of the Surface of the Sea ; both which 
undoubtedly promote the Evaporation. 

It remained now, to conrpare this Quantity 
of Water, with that, which is daily convey cd 
into the fame Sea by the Rivers* The only 
Way to do which. Was to compare them with 
Ibme known River ; and accordingly he takes 
his Computation from the River Thames^ and 
to avoid all Objedion, make^ AUbwanccsf, 
probably greater than what were ablblutcly 
ncceOary. 

The Mediterranean receives the fblTowin^ 
confiderable Rivera, ijtz. the Iberii^y the Rhm^^ 
the Tibur^ the Ta^ the Danube^ the Neijiery 
the Boryjfenes^ the Tanais^ and the Nil^. 
Each of tliefe he fuppofes to bring dovfri ten 
Times as much Water as the Th^tmes \ whereby 
he allows for finaller Rircrs, which fefl into 
the lame Sea, The Hhames then he finds by 
Menfuration to dilcharge about ao,300,ood 
Tons of Water a Day. If therefore the above- 
laid nine Rivers yield ten' Times as much 
Water as the "Thanhs doth, i! wfll follow, 
that all of them together' yield but 1827 Mil- 
lions of Tons in a Day ; which is but litfld 
rhore than one Third of what is proved to be 
raifed in Vapour out of the Mediterrdheah 
in the fame Time. W6 have therefore from 
hence a Source abundantly fufficicnt for the 
Supply of Fountains. 

K % Now 
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Now having found, that the Vapour exhaled 
from the Sea, is a fiifficient Supply for the 
Fountains ; he proceeds in the next Place to 
confider the Manner in which they are railed j 
and how they are condenfcd into Water 
again ; and conveyed to the Sources of 
Springs. 

In Order to this he confiders, that, if an 
Atom of ^ISTater was expanded into a Shell 
or Bubble, ib as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become fjpecifically lighter than Air; 
and therefore would rife fo long as the Warmth 
which firfi feparated it from the Surface of 
the Water ftiould continue to diftend it to 
the fame Degree ; and coniequently, that Va- 
pours may be ralfed from the Surface of the 
Sea in that Manner*, till they arrive at a cer- 
tain Height in the Atmofphere, at which they 
find the Air of equal fpecific Gravity with 
themfelves. Here they will float, till being 
condenfed by Cold, they become fpecifically 
heavier than the Air, and fall down in Dew, 
or being driven by the Winds againft the Sides 
of Mountains, (many of which far furpafs. 
the ufual Height to which the Vapours would 
of themfelves alcend) are compelled by the 
Stream of the Air to mount up with it 
to the Tops of them : where being conden- 
fcd into Water they prcfently JMrecipitatc, and 

* See this confated in Diflcrtation 6, 

gleetir^ 
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glc€ting down by the Grannies of the Ston^ 
Part of them enters into the Caverns pf die. 
Hills \ which being once filled^ all the over- 
plus of Water that comes thither, runs over 
by the lowed Place, and breaking out by the 
Sides of the Hills, forms fingle Springs. Many 
of thefe running down by the Valleys between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks : Manyoftheie 
again meeting in one commcMi Valley, and 
gaining the plain Ground, being grown leis* 
rapid, become a River; and many of thefe 
being united in one common Channel, make 
fuch Streams as the Rhine and the Dan$$be ; 
which latter, he obfcrves, one would hardly 
think to be a Colledion of Water condenieci 
out of Vapour^ unlefi we confid^r how vaft a 
Trad of Ground that River drains, and that 
it is the Sum of all thofe Springs, which 
break out on the South Side of the Carfa^ 
thtan Mountains, and on the North Side of 
the immenfe Ridge of the Alfs \ which is one 
continued Chain of Mountains from Switsicr^ 
land to the Black^ea. 

Thus one Part of the Vapours, which are 
blown on to the Land, is returned by the Ri* j 

vers into the Sea, from whence, it came ; aqo- ^ 

ther Part falls into the Sea before it reaches 
the Land ; and this is the Reafbn, why the 
Rivers do not return fo much Water into 
the* Mediterranean as is railed in Vapour. 
A third Part falls on the Low-Lands, and is 

the 
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the ^aMum of Plarite, wBef e yet it does nor 
red; but is again exhafed by Vapour by the 
Adion df the Sun, and is efther carried by 
the Wi«ds to the Sea, tO'fall in Rain o^ Dew 
there^ or elfe to the Mouritaina to become 
the Sources of Springs. 

However, it is not to Be fuppofed, that all 
Fountains are owing to one and the faflie 
Caufe ; but that fonie proceed from Kain anrf 
melted Snow, which Ikfafiding through the 
Surface of the Earth, mikes its Way into cer- 
tsain Cavities and thence iflRies out in the Form 
rf Springs ; becaufe the Waters of fever al are 
found to inereafe and dimiriilh iri Proportion to 
the Rain which falls : That others again, 
' cfpeeially fiich as are fait, and ^ring naar the 
Sea-Shore, owe their Origin to Sea- Water 
percolated through the Earth; and forae to 
both theft Caufes: Though without doubt 
moff of them, and efpecially fuch as fpriilg near 
the Topi of high Ilfountains, receive their 
Waters from Vapours^ as before explained ♦• 

* There Is a certain Species of Springs which ebb and floixr 
idtemattly, ■ and feme that Ceafe to flow for a Time, . which from 
thence are called reciprocating or intermitting ones. Their Re« 
dprbcations may be accounted for in the following Manner. 

^Ltt ABC represent one Side of an Hill in^ whidi there is ar 
Cavity B£P, and from this a fubterraneous Dtx£l I£L. Now 
, ais tliis Cavity fills with Water (fuppofe from Vapours pferco- 

I ' ^ ** Ifttii^ through ^e Surface of the Hill, or in atiy othbr Manner 
whatever), its' Surface will rife in - the Duft as it does in (he Ca- 
vity, till it arrives at M, fhe Level with the upper Part of the 
Duft ; at which Time it wiH run over at K, filling KLA xht 
ether Rirt of the Dud. ^ow, if die perp^dkulkr tfd^t of 
the Point K above A be greater, than its perpendicular Height 

above 
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ibove I, the Colomn KLA will overpotfe tKe Column Kf , and 
(o caufe the Water to run out at A, till its Sur&ce in the C«fitf 
finks as fer as T, (provided the Du£t is large enough to caavey 
the Water away fifter than it enters the Cavity) at which Time 
the Fountain at A will ceafe to play, till the Sui&ce of the 
Water in the Cavity rifcs again to M, and runs over at K a» 
before. The Reafon why the Water continues running (when 
the Dua is once full) till its Surfece link* to I, is becaufe. 
the Air prefling againft it as it runs out at A, and alfo upon 
in Surface in the Cavity, keeps the Du£t full, as long as the 
Water in the Cavity is high enough to feed its Orifice at I. 

Sec more on this Subjeft in PhiloToph. Tranfafl. No. 119, 
189, 192, 384, 424. Hifloiy de I'Acad, 1693, 1703, 1713. 
ajiVAw/wdella'Natura de Fiumi. Dait'i HiRory af HarviUb. 
Siarriatli's Hydroftalica, Nleu/wmltt Contempt, ig. Variniai 
Geograph. Cap. 16. Segnau/t Vol. z. Converfat, 6. Ha/ei't 
Statical ElTaysVol. 1. Experiment 19. MicMellgt in Append. 
Bd 7, BirnrnJiii de Eftivefc. 
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DISSERTATION IV* 

Of the Barometer. 

IN treating of* the Properties of the Aif 
(Chap* III.J I hai^e alfeaciy taken No^ 
fice of the Conftrudion of the common Ba- 
rometer 5 . and f roved, that the Afceht and 
Sulpenfion df the Mercury therein, is owing 
to the PrefTurd * of the Aif. I proceed now 
fo a lijore particular Inquiry into the Ori-^ 
ginal, and Ufe of this Inftrument ; and thd 
different Forms under which it has appeared^ 
fince the Time of its Inventor Torrieellii 

in 


* To fay the Afcent and Sufpenfion of the Mercury is owing 
to.the PrefTure and Elaftictty of the Air, as is commonly done, is 
i)iaccurate. The Variation, indeed, in the Height of die Mercury, 
may be afcribed to the Elafticity of the Air, but nQ otherwife; 
than as to its remote Caufe ; . 'vi%: as it occaiions an Alteration in 
the Quantity of Air, impending over the Place where the Varia- 
tion happens ; which alters its Weight, and fo the Mercury is 
proportionably raifed or deprefTed. To illaftrate this, let it be 
itippofed, that the Air is every where in jEquilibrio, quite roundi 
the Globe^ arid at perfed Reft ; and then, that its Elailicicy, in 
feme one Place near, the Surface of the Earth, is augmented by the 
'Heat of the Sun, all the rfeft of it remaining as before. The Coii- 
fcquence of this will be, that the fuperior Part of the Atmofphere, 
over this Place, will be raifed higher by the Expanfion of the 
inferior Air ; and therefore, being unconfined, will fpread itfclf, 
every way, over the neighbouring Columns, which we fuppofe 
to retain their former State. The Quantity of Matter there- 
fare in thofe Columns of Air, in whofc lower Parts its Elafticiiy 
was. tncreafed, will be diminifhed, and that of the neighbouring 

M ^n^s 
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In the Beginning of the laft Century it was 
a prevailing. Opinion amomg Philosophers, that 
the Univerfe was full of IVfcrtter ; and that Na- 
ture (as they expreflcd it) abhorred a Vacu-- 
urn : Accotdin^y they imagined, that if a 
Fluid was fucked up a Pipe with a fufikiei^ 
Force, it would rife to any Height whatever ; 
fince Nature would not fuffer any Part of the 
Pipe to be empty, Galilcto^ who flouriih- 
cd about that Time, found upon Trial, that 
the conunon Pump would not raife Water,, 
unlefs the Sucker reached within three and 
thirty Feet of its Surface in the Well \ : From 

hence 

ones augmented. A Barometer tWefoFC placed in iho(e Kegions, 
where t!he Air was rarified, will fubfidc ; while one in the neigh- 
l;K)unng Countries will a&end ; and they will continue at diiFerent 
Heights, till the denfer Air, rufhing in upon the rarified, reiloreft 
the Mquilihrium. Thus we fee, the Variation of the Air's Elaf- 
ticity is not the immediate Caufe of the Variation Iq the Urome- 
ter ; it firil aiitdb the Weight oi the Air, by alto-ing th« Qoas* 
tity incumbent over anyTlace, and that affe6ts the Baronietfr. 
But, if we may have Receurfe to remU Caufes, we may, if w# 
pleafe, go one Step farther ; and fay, the Afccnt and Sufp«)£<m 
of the Mercury is owing to the Heat of the Sun ; for by tl» 
foregoing In(hincc, a Variation in the Height of the Sun may 
fometimes be the occafion of a Variation in the Hei^ of tk» 
' Mercury. 

Neither is the Sufpenfion of the Mei««ry, in a Tube, that it 
k^pt within Doors, to be afcribed to the Elafticity of rfie Air ; fer 
that exerts no Force, but as the internal Air i^ prefied by the exter- 
nal, which endeavours to get in, where-ever it can mid a Way « 

f It IS a common Notion, that a fitcking Pttmp will not vaMW 
Water above thirty-three Feet, whereas it will raife it to ai^ 
Heightwhatever, if theSuckerreache* within thirty-three Feettrf' 
the Surface of the Water; as will be evident t&any one that coff- 
iiders the Stnt^ttre of the Pomp : For all thd- Watery whi<rh }aa» 
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hence he judldoiifly inferred, that a (Dolumn 
x)f Water thif ty-thfce Feet high was a Coun- 
terpoiie to a Coluinh of Air of an equal Bafe, 
whofe Height extended to the Top of the At- 
mofphcrc ; and that, fof this ReafoA, the Wa- 
ter would not follow thcr Sucker any farther, 
TorHceniy obferving thisi took the Hint 3 and 
cofifidered, that, if a Column of Water, of 
about thirty-three Feet, was equal in Weight 
to a Column of Air> of the fame Bafe § ; a 

Co- 

once paiTed through the Valve in the Sucker, js fapported by 
ckat, as the Sucker li dmwti up, and as the Sucker is let down it 
together with the Water between that and another placed in the 
Pump below, is fupported by that other ; fb that the Height of 
the Water above the Sucker can be no Impediment to the 
rifing of the Water below the Sucker, whatever the Length of 
the Column, which it forms, may be. The placing one Pump 
jibove another, where Water is to be ratfed from great Depths, is 

rather for Strength and Conveniency, than out of Neceflity. 

« 

§ Perhaps i( may be enquired hts$, how it comes to pais, that 
the Column of Air, which pselfes upon the flagnant Mercury in 
the Bafon, is always fuppofed to have an equal Bafe with the fuf- 
pended Co!umn in the Tube ; whereas, in Reality, its Bafe is 
equal to the Surface of the ftagnant Mercuiy. 'tik Reafon is, 
tbat, as the Bafe of the Column of Air increafes, in the fame Pro* 
porticm the Velocity, wherewith it defcends, decreafes, when it 
forces down the Surface of the Mercury in the Bafon ; confe- 
quently its Moment, or PrefTure upon the Surface of the fla^ant 
Me!*cury (ib far as it relates to the fufpending of it in the Tube) 
is no greater, than it would have been,, had its Bafe htcn equat 
to that of the fufpended Column i and therefore, in coniidering 
it as fu^endii^a Fluid in a Tube, it is properly ^enough faid 
to be a Column of fuch a Bafe. 

. Neiti^r is^this Saj^ofitipn inconfiilent with the ninth Propor- 
tion of the &rft Chapter, wjbere it is demonftrated, that the Pref-' 
fure of a Fluid is in Proportion to its perpendicular H^ght, ^d 
the Quantity of Surface, againil: which it prefies. For, as th^ 
8ui[fege of th? Mercury may be confidered a^ a Bafe^on which th^. 
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p^lunm of Mercury i no longer than .^boiit 
twenty-nine Inches and a half, would be fti jtoo j 
iiich a Column of Mercury being as heavy, as 
thirty-rthree Feet of Water, . Accordingly he 
tried the Experiment in a Glafs Tube fin the 
Manner laid down, Chap. IIL § 4.) and 
found it to fucceed J . The Apparatus he made 

Uf? 

Column of Air rcfts, fo Ap Bafe of tl^ Column of Air Riay be 
Confider'd as a Suffice a^inft which the Mercury preilSs. Thcfe 
^wo being equal, *tis clear, that only the Relation of the Heights 
of the Columns are to be conildered, and not that of their Bales. 

X Notwithflanding this clpar Proof of the Preffure of the 
Atmofpherey the AfTertors of a Plenum would by no Means be 
prevailed upon to allow it to be fuch ; but tried all Ways to 
account for this Ph^enomenon from fome other Caufe. The mcrfl 
chimerical Solution,' and which at the iame Time gave the ad- 
verfe Party the greateft Difficulty to overthrow, was thait of 
Ijnus. He contended, that in the upper Part of th^ Tube, thence 
is a Film, or Rope of Mercury, extended thro* the fecming Va- 
cuity, and that the refl was fufpended by it, and kept from fal- 
ling into the Bafon ; and that this Film is able to fupport about 
twenty- nine Inches of Mercury. He confirms his Hypothefis by 
the following Exjperimcnt': Take, fays he, a (hiall Tube, open 
it both Ends, fuppofe about twenty Inches long ; fill this Tube 
with Mercury, itopping the lower Orifice with your Thumb: 
Then cloffng the upper with your Finger, and immergirig the 
lower in ftagnarit Mercury, you fhall perceive, upon the Re- 
moval of your Thumb, a manifeft Sudlion of your Finger into tlie 
Tube ; and the Tube and Mercury will both flick fo'clofe to if, 
that you it^y carry them about the Room. 'Therefore, fays 
he, the internal Cylinder of Mercury in the Tube is not held 
up by the preponderant Air without ;* for if fo, whence comes 
fo flrong a Suftion^ and fo 'firm an-Adiiefion of the Tube to 
tour Fingci- ? 

I • Or if you fffl tihc fame Tube almofl full of Mercury, leaving % 
little Space df Air within, and then immerge it in the flagnant 
Mercury, you will find, that, ndtWithilandihg its Surface is at 
fCmeDlAance &om your Finger^ thereiiii] be a cox^fiderableSuc^ 
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Ufe of, is now the common Barometer or 
Weather Glafs *. 

The Mercury ftahding at a lefs Height, the 
nearer it is carried to the Top of the Atmofphere," 


tion of it, as before. From hence he infers, that the Finger fup- 
ports the Mercury, by Means of the abovementioned Filin, and 
that the Preflure of the Atmofphere is not concerned. 

But, when it was founds that the Mercury would not ibnd 
to high in the Tube, on the Top of a Mountaiiji, as bdow i.. 
and would quite fall,when the circumambient Air wasextradled > 
from it by the* Pump, all Objedtions vaniihed i and IJntu'% 
funicular Hypotbefis (as it was called) though it feemed to folve 
all other Phenomena relating to the Suipenfion of the Mercury^* 
was with JuHice rejedled, 

Kirchety when this new Doctrine of a Vacuum was Arft advan- 
ced at Rme^ contended, t^at the Authors of it were eflabliihinj; 
Principles not only repugnant to thofe of Nature* bujt fuch as 
would be prejudicial to the Orthodox Faith ; as endeavouring to 
evince by this fubtle Experiment, that there might be in Nature 
locatumfiue kco^ accidentia fine fvihieBoj and therefore made the 
Experiment with Water, in the following Manner, He caiifed a 
fmall Bell to be fixed in the upper Part of the Tube, imaginings 
that, if there ihould be a Vacuum^ the Bell would not be made 
to found : But in making the Experiment, fome Air got into the 
Tube (for he tells us, that but ten Feet of Water remained in the 
Tube, after it was inverted) the Bell therefore was heard ta 
iqand ; and ib the Notion of a Vacuum^ till more accurate Expe* 
riments evinced the contrary, was exploded with Contempt. 


*. 


^ ^^j^f>r/ obferv^, that, if a Tube feventy-five Inches long^ 
was filledwith Mercury well purged of its Air, the whole Qtum* 
tity of Mercury would remain fui^ended ; whereas, accordine to 
the T^rrictllian Experiment, the Mercury ought to have mb« 
fided to the Height of about twenty-nine Inches. 

The Caufe of this Fhantmtena feems to be, that, by the £7^ 
Weight of ib l<H)g a Column of Mercnryi <it was preued into fo 
dofe Contact with the GUfs in pouring in, that bv the matosA 
Attra£lion of Cohefion betwedi tKe Mehuuy and the Glafi, tkp 
who}^ Colfqxi& wad fuftiined^ after the Tube wa» invei^ed; 

- ' (Chap. 
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(Chap, IIL §• 7.) renders it ufeful in determine- 
ing the Height of Mountains 5 and finding out 
the different Elevation of one Place above ano- 
ther. Accordingly, Dr Halley has given us a 
Table for that Purpofe, in the Philofophical 
Tranfaftions N^ . 1 8 1 , ihewing how many Feet 
each Ivfk in the Defcent of the Mercury an- 
fwersto, as it is conveyed to the Top of a Moun- 
tain, or other elevated Place. And.Dr. Nettleton 
has done the like in the Philoibphical Traniac-^ 
tions N^. 388, (hewing what Number of Feet 
anfwers to each tenth Part of an Inch, fi-om 
twenty-fix to thirty-one Inches erf" Mercury. 

But the principal Ufe of it is, to eftimatc 
the Grayi^ of the Air at different Times, in 
Order to forefee the Alterations of the Wea- 

■ 

ther, which are confequent thereon. To this 
End, Dr. Halley in the fame Tranfaftion has 
alfo laid down the more remarkable Pbano^ 
mena^ relating to the different Heights of the 
Mercury at different Times, together with the 
{Solution of each ; which are fo juft, and io 
agreeable to true Philofophy, that I doubt not 
but the Reader will excufe me for giving his 
Recount in his own Words, rather than to 
ri^nder it imperfedl, by endeavouring to vary 
ifrom it|r or alM'idge \U 

-■< 
*' I. In calm Weather^ when the Air is in-» 

^ cUned to Rain^r the Mercury is commonly 

<^ In 
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" 2. Infercne, good, and fettled Weather^ 
^^ the Mercury is generally high, 

3 . Upon very great Winds, though they 
be not accompanied with Rain, the Mercury 

" finks loweft of all, with Relation td thie 
Point of the Compafs the Wind blows upon. 

4. Ceteris paribus^ the greateft Heights 
of the Mercury are found upon eafterly and 
north-eafterly Winds. 

5. In calm frofty Weather, the Mercury 
generally (lands high. 

6. After very^ great Storms of Wind, 
when the Mercury has been low, it gene- 
rally rifes again very faft. 

7. The more northerly Places have greater 
^* Alterations of the Baromemer, than the 

more foutherly. 

8. Within the Tropics, and near thenv 
thofe Accounts we have had from others, 
and my own Obfervations at St. Helena^ 
make very little or no Variation of the 
Height of the Mercury in all Weathers. 

Hence I conceive that the principal Caufe 
of the Rife and Fall of the Mercury, is firom 
" the variable Winds, which are found in the 
" temperate Zone, and whofe great Uncon- 
^^ ftancy, here in Englandy is moft notorious. 

** Afecond Caufe is the uncertain Exhalation 
^* and Precipitation of the Vapours lodging in 
^* the Air, whereby it comes to be at oneTime, 
^' xaach more crouded than at another, and 
... " con- 
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** confequentiy heavier, but this latter in a great 
•* Meafure depends upon the former. Now, 
•* from thefe Principles, I fhall endeavour to 
** explicate the feveral Phenomena of the Ba- 
^' rometer, taking them in the fame Order 1 
*' laid them down. Thus, 

I. The Mercury *s being low, inclines it 
to rain, becaufe the Air being light, the 
" Vapours are no longer fupported thereby, 
being become fpecifically heavier than the 
*' Medium wherein they floated, fo that they 
" defcend towards the Earth, and in their Fall, 
*^ meeting with other aqueous Particles, they 
^* incorporate together, and form little Drops 
" of Rain 5 but the Mercury's being at one 
" Time lower than at another, is the Effedl of 
" two contrary Winds blowing from the Place 
** where the Barometer ftands ; whereby the 
*' Air of that Place is carried both Ways fro ml 
*' it, and, confequentiy, th6 incurabent Cylin- 
" der of Air is diminiihed, and accordingly the 
" Mercury finks : As for Inftance, if in the 
*' German Ocean it fhould blow a Gale of 
** wefterly Wind, and at the fame Time aii 
" eafterly Wind in the Irijh Sea ; or if in 
" France it fhould blow a northerly Wind, 
and in Scotland 2, foutherly 5 it muft be 
granted, that that Part of the Atmofphere 
impendant over Englandy would thereby be 
" exhaufted and attenuated, and the Mercury 
" would fubfide, and the Vapours, which bc^i 

" fore 
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" ^e floated in thofe. Parts of the Ajro^ 
*^ equal Gravity with themfclvest jvouldfi^fc 
" totheEaith 

^* 2* The greater Height of the Barometef 
" is occafiofied by two contrary Winds blow^ 
** ing towards the Placrf oiObfervation, where- 
by the Air of other Places is brought thither 
and accumulated y fo that the incumbent 
Cylinder of Air, being encreafe^ both in 
Height and Weight, the Mercury prefled 
^* thereby muft n^eds ftand high, as long as 
** the Winds continue fo to blow -, and then 
the Air being fpcdfically heavier, the Va** 
pours arc better kept fufpended, fo that they 
have no Inclination to precipitate and fall 
down in Drops, which is the Reafon of the 
ferene good Weather which attends the 
greater Heights of the Mercury. 

3 • The Mercury-finks the loweft of all by 
the very rapid Motion of the Air in Storms 
of Wind. For the Traft or Region of the 
** Earth's Surface, wherein the Winds rage, 
not extending all round th^ Globe, that 
flagnant Air which is left behind, as like- 
*' wife that on the Sides, cannot come in fo 
*^ fafl Is to fupply the Evacuation made by fo 
** fwift a Current, fo that the Air muft necef- 
^^ farily be attenuated, when and where the 
** iaid Winds continue to blow, and that, more 
** or lefe, according to. their Violence : add 
**^ to which, that the horizontal Motion of the 
^.- • N " Air 


€C 

€C. 

Ct 

tt 

CC 

f( 

c< 

CC 
C€ 
CC 
CC 
CC 


92 Of the Barometer. P^rt IL 

Air being fo quick as it is, may, in all Pro- 
bability, t^ke ofFfome Part of the perpendi- 
cular Preflurc thereof ; and the great Agi- 
tation of its Particles is the Reafon why die 
Vapours arediffipated, and do not condenfe 
into Drops, fo as to form Rain, otherwife 
the natural Confequence of the Air's Rare- 
fadion -f-. 

" 4. The Mercury ftands the higheft upon 
the eafterly and north-eafterly Wind, be- 
caufe in the great Atlantic Ocean, on this 
Side the thirty-fifth Degree of north Lati- 
tude, the Winds are almoft always' wefter- 
ly or fouth-wefterly ; fo that whenever 
here the Winds come up at eaft and north- 
eaft, 'tis fure to be checked by a contrary 
" Gale as foon as it reaches the Ocean ; where- 
fore, according to what is made out in our 
fecond Remark, the Air muft needs be heap- 
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f The Reafon the Do£lor affigns for the finking of the Mer- 
cury theloweft of all in violent fforms of Wind, feemsnot fuf- 
licient. Perhaps it may be better accounted for thus ; the Caufc 
ivhy the Wind blows at all, is in order to reftore the jEquilHrrium 
of the Atn^ofphere, when loft ([as may be inferred from what was 
faid in the firft Note of this, and will be more largely explained 
in the following Difiertation ;) it therefore always olows towards 
that Point,, where the Air ismoft rarefied and lighteft. Now the 
Air in its Progrefs to that Point, muft certainly move fafter and 
fafter ; for the Caufe which gave it Motion at firft, Continues to 
to a£t upon it all the Way. Confequently, in whatever Place the 
Wind blows with great Rapidity, that Place is at, or near the 
Point, where the Air is moft rarefied, and lighteft ; which is a 
fuifiCient Reafon for the Mercury's ftanding low at that Place, 
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** ed over this Ifland, and confequently the 
*' Mercury muft ftand high, as often as thefe 
*^ Winds blow. This holds true in this (^oun- 
^^ try, but is not a general Rule tor others, 
5' where the Winds are under different Cir- 
^* cumftances ^ and I have fometimes feen the 
Mercury here, as low as twenty-nine Inches 
upon an eafterly Wind, but then it blew ex- 
ceeding hard, and fo comes to be accounted 
for, by what was obferved upon the third 
" Remark. 

" 5. In calm frofty Weather the Mercury 
generall flands high, becaufe (as I con- 
ceive) it feldom freezes, but when the Winds 
come out of the northern^ and north-eaftern 
Qi^rters ; or, at leaft, unlefs tJiofe Winds 
blow at no grea,t Piftance off : For th« 
^' north Parts of Germany^ Denmark ^^ Swe^ 
i *^ deriy Norway y and all that Tra<3: from 

^ *' whence nprth-eaftern Winds come, are 

fybjcift to almoft continual Frofl: all the 
Winter ^ and thereby the lower Air is very 
much condenfed, and in that State is brought 
hitherwards by thqfe Winds,, and being ac- 
cumulated by the Oppofition of the wefter -^ 
ly Wind blowing in the Ocean^ the Mer-* 
Qury muft needs be prefled to a niore than 
prdin^ Height y and, as a concurring 
Caufe, the Shrinking of the lower Parts of 
^ the Air into lefier Room by Cold, muft 

JN 2; "needs 
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• 

♦* needs caufe a Defcent of the upper Parts of 
** the Atmofphere, to reduce the Cavity made 
*• by this Contradion to an Equilibrium. 

"6. After great Storms, when the Mer- 
" cury has been very lov^, it generally rifcs 
" again very faft : I once obferved it to rife 
*^ one Inch and a half in lefs than fix Hours, 
" aft^r a long continued Storm of fouth-v^reft 
^' Wind, The Reafon is, becaufe the Air be- 
** ing very much rarefied, by the great Eva- 
^' cuations vs^hich fuch continued Storms make^ 
^^ thereof, the neighbouring Air runs in the 
\^ more iwiftly, to bring it to an Mquilibri'^ 
^^ um I zs vrt fee Water runs the fafter for 
" having a greater Declivity. • v 

y. The Variations are greater in the more 
northerly Places, as at Stockhalm^ greater 
than that at Paris (compar'd by M. P^. 
^^ chal \) becaufe the more northerly Parts 
have ufually greater Storms of Wind than 
the more foutherly, whereby the Mercury 
fhoiild fink lower in that Extream *, and 
then the northerly Winds bringing the more 
denf? and ponderous Air fi-om the Neigh-» 
bourhood of the Pole, and that again being 
^* checked by a foutherly Wind at no gfeaj 
^^ Diftance, and fo heaped, muft of Neceffity 
** make the Mercury in fuch Cafe ftaod higher 
I' in the pthej: ^.xtrcamA 
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^' 8. Laftly, this Remark, That there is 
*' little or no Variation near iht Equino&iaf^ 
does above all others confirm the Hypdtbe*- 
fis of the variable Winds being the Caufe of 
thcfe Variations of the Height of the Mer* 
*^ cury 5 for in the Places above-named, ihene 
^' is always an eafy Gale of Wind blowing 
*^ nearly upon the fame Point, 'dz. eaft-north«- 
*^ eaft, at BarbadoeSy and eaft-fouth-eaft at 
St. Helena *, fo that there being no contra- 
ry Currents of Air to exhauft or accumulate 
^* it, the Atmoiphere continues much in the 
*^ fame State : However, upon Hurricanes 
" (the moft violent of Storms) the Mercury 
" has been obferved very low, but this is but 
^^ once in two or three Years, and it foon re- 
[[ covers its fettled State about 29 i Inches/^ 

Monfieur Leibnitz accounted for the. De^ 
fcent of the Mercury before Rain, upon an* 
other Principle -f-, n)iz. as a Body fpecifically 
lighter than a Fluid, while it is^tofpended by 
it, adds naore Weight to that Fluid, than 
when, by being reduced in its 6ulk, it be* 
comes ipecifically heavier, and defeends; ib 
the Vapour, after it is reduced into the Form 
of Qouds, and defends, adds lefs Weight to 
(he Ait> than befere s and therefore the Mer^ 

f See the Caufe of this affigned in thefbllowing !3ifiertatiQii.' 
f Memciir. de PAcadi 171 1« 
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cury falls. To which it is anfwered, i/. 
That when a Body defccnds in aFluid, its Mo- 
tion, in a very little Time, becomes uniform, 
(^or nearly fo) a farther Acceleration of it be- 
ing prevented by the Refiftance of the Fluid ; 
and then, by the third Law of Nature, it pref- 
fes the Fluid downwards, with a Force equal 
to that whereby it tends to be farther accele- 
rated, that is,* with a Force equal to its whole 
Weight, ^dly. The Mercury, by its Defcent, 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenfed 
into Clouds, can be fuppofed to take up in 
falling. '>^dly. Suppofing that as many Va- 
pours, as fall in Rain, during the Space of a 
whole Year, where at once to be condenfed 
into Clouds, and even quite ceafe to gravitate 
upon the Air, its Gravity would fcarce be di- 
jninifhed thereby, fo much as is equiv^cnt 
to the Defcent of two Inches of Mercury ia 
the Barometer. Farther, in many Places be-i 
t\yeen the Tropics, the Rains fall at certain Sea- 
fons, in very great Quantities *, and yet the 
Barometer (hews there very little or no Altera-r 
tion in the Weight of the Air. 

The following are Mr, Patrick's Obferva- 
tions on the rifing and felling of the Mercury*. 
Thoy are vc^y juft^ and ai:e to b? accounted, 

♦SecDiflertationthcVI, 
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for on the fame Principles with thofe of Dr. 
Halley. 

" I . The rifing of the Mercury prefages in 
*' general fair Weather; and its falling, foul 
^* Weatl^^r ; as Rain, Snow, high Winds arid 
" Storms. 

** 2. In very hot Weather, the falling of 

theMercuryforefhews Thunder. 

3 . In Winter the rifing prefages Frofi: ; 

and In firofty Weather, if the Mercury falls 
** three or four Divifions, there will certain- 
" ly follow a Thaw. But in a continued 
** Froft, if the Mercury rifes, it will certain'^ 
** ly fnow. 

" 4. When foul Weather happens foon after 
" the Falling of the Mercury, expedl but little 
*^ of it. And, *on the contrary, expe<ft but 
" little fair Weather, when it proves fair 
" fhortly after the Mercury has rifen. 

"5. In foul Weather, when the Mercury 
" rifes much and high, and fo cohtinues for 
*^ two or three IJays before the foul Weather 
** is quite over, then expedl a Continuance of 
** fair Weather to follow. 

" 6. In fair Weather, when the Mercury 
" falls much and low, and thus continues for 
** two or three Days before the. Rain comes j 
*' then expedt a great deal of wet, and pro- 
*^ bably high Winds. 
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** 7. The unfettlcd Motion of the Mercury 
denotes uncertain and changeable Weather. 
8. You are not fo ftrnftly to obferve the 
*' Words engraved on the Plates ("though, for 
** the moft Part, it will agree with them) as 
the Mercury's Rijiftg and Falling^: For if 
it ftands at Much Rain, and then rifes up 
to Changeable, it prefages feir Weather, al- 
though not to continue fo long, as it would, 
have done, if the Mercury were higher : 
And fo on the contrary, if the Mercury 
*^ ftood at Fair, and i^Us to Changeable, it 
•* prefages foul Weather ; though not fo much 
*' of it, as if it had funk down lower." 

From thefe Obfervations, it appears. That 
it is not fo much the Height of the Mercury in 
the Tube, that indicates the Weather, as the 
Motion of it up and down ; wherefore in Gra- 
der to pafs a right Judgment of what Weather 
is to ht expedled, we ought to know, whe- 
ther the Mercury is aduaUy Rifing or Fall-^ 
ing, to which End, the following Ruls are 
ofUfe. 

r. If the Surface of the Mercury is cony ex, 
ftanding higher in the Middle of theTubethan 
at the Sidesy it is generally a Sign that the 
Mercury is then rifing. 

2. If the Surface is concave, or hollow in 
the Middle, it is finking And^ 

3. «■ 


•f 
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3 • If it is plain, the Mercury is ftationary, or 
rather, if it is a little convex 5 for Mercury- 
being put into a Glafs Tube, efpecially a fmaU 
one, will naturally have its Surface a little 
convex ; becaufe the Particles of Mercury at- 
, tradl each other more forcibly than they art 
attradled by Glafs, Further^ , 

4. If the Glafs is finall, fhake the Xtibe j 
and if the Air is grown heavier, the Mercury 
will rife about half thfe tenth of an Inch hig;her, 
than it ftood before ; if it is growing lighter, 
it will fink as nriuch. This proceeds from the 
Mercury's flicking to the Sides of the Tube, 
which prevents the jfree Motion of it, till it is 
difengaged by the Shock. And therefore, when 
an Obfervation is to be made with fuchaTubCj 
it ought always to be fhaken firft, for fome- 
times the Mercury v^ill not vary of its own 
Accord, till the Weather, it ought to have in- 
dicated, is prefent; 

The Ufefulncfs of knowing,' whether the 
Mercury is adlually rifing or felling ; and the 
Advantage that would arife from perceiving 
the moft minute Variations in eftimating the 
Heights of Places, have given Occafion to the 
•Invention of feveral Kinds of Barometers difFer- 
6nt fiiom the Torricellian^ though founded oh 
the fame Principle ; wherein the Scale of Vari- 
ation, which in that is not above three Inches, 

O fhould 
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ihould be confiderably larger. Of which I am 
now to give foiwe Atxount. 

1. The firil is that of DesCartes^ which was 
made iri the Form txpttffcAj Fig^ 28. where 
AB is a Tube hermetically * fealed at A, and 
having its lower Orifice^ immergcfd in ftagnant 
Mercury E F, and filled with the fame Fluid 
to G, firom thence to H with Water, and emp- 
ty from thence to the Top. Now when the 
Merciiry rifes in this Tube, fuppofe from G to 
Ir, the Water wilfbe r aifed in 4ie fmall Tube, 
perhaps from H to M, viz. as many Times 
furtha:, as the Tube GA is fmalkr than CD 5 
by which Means the Variations become much 
more fenfible, than they are in the common 
Barometer. The Inconvenience df this Was> 
ihat the Air, included in the Water; getting 
loofe by Degreed, filled the void Space at the 
Top, and fo fpoiled the Machine. 

2. He then contrived it thus, ASC(Pl^4i(^.) 
is a bent Tube hermetically felled at A, filled 
with Water from F to D (tinged with Aqti{^ 
Regia to prevent its freezing) fromD to E with 
Mercury, and empty from thencife to the Tojf). 
Then, upon the Mercury's rifing, fuppofe fi%»ttr 

* A Tube is (aid to be hermetically fealed, wken the Eiul is b 
jdofed, that nothing canpofTibly evaporate through It* And, be- 
caqfe this is beft done, when it is clofed up with its own Sub- 
Hance ; or when its Bore does not reach ^oite to the ULtA of it, St 
h then faid to be htrmetically fealed. 

£tQ 
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£ to M, and falling as much at D» the Surface 
of the Water at F would fink fo many Times 
farther than the Surfece of the Mcrcijry at D^ 
as the Tube CG was ^Mtt. than GH. The 
Water here is liable to evaporate, thpugh that 
may, in fonae Meafure ^ be prevented, by pour-- 
ing a few Drops of Oil of fweet Almonds 
upon it. Others have cpntrived 

3. The Horizontal or Redangular Barome*- 
ter (^Fig. 30.) hermetically fealed at A, and 
filled with Mercury firom D to E j then as the 
upper Surface of it rifes in the Tube, fuppofe 
firom E to F, the lower will be driven fi-om D 
to G, as many Times &tther, as this Part of 
the Tube is lefs than that at E. But it often 
happens, that fome Parts of the Mercury break 
off fi"om the pefl in the Leg BC, and are left 
behind* This Inccmvenience is remedied in 

4. The Di^ppal Baropieter ABC (Fig. 31,) 
wherein the Mercury, inflead of rifing from B 
to D (fiipppfe that Space to correfpond to the 
Scale of Variation m a ftrait Tube) will rife 
from B tQ A 1 for it will always fbmd at the 
fiune perpendicular Height, whatever be the 
Inclination of the Tube j bccaufc Fluids prefs 
only according to their perpendicular Alti- 
tude *• But the Tube AB mufl: not be too 
much inclined, left the Mercury break in it, 
gs in the former* 

» Chgptci I. 5. 9, J 
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5. AB (Fig. iz,) is Dr. ;?a»6'i Wheel- 
Barometer, wherein ABD is a Tube filled 
with Mercury from ato^\ a\^zn Iron Ball, 
Rimming on the Surfiice of the Mercury ; this 
as it fubfides with the Surface of thtJ Mercury; 
draws the little Wheel m ri round, to whofe 
Circumference it is fixed by Means of the 
String tf c * : This Wheel carries the Index 
P Q, which points to the graduated Edge of 
the Circle KL, and by its Motion fhews the 
moft minute Variations of the Mercury. 
When the Ball a is raifed by the Mercury 
P^n which \\ fwims, the Index is drawn the 
contrary Way by a lefler Ball by which hangs 
on the other Side the Wheel. The Friftion 
in this Machine, unlefs it be made with great 
Accuraty indeed, renders it ufelefs. • * 

6. The pendent Barometer is another Con- 
trivance to render the Vatiations more fenlible. 
It confifts of a fmall conical Tube, (reprefent- 
ed i^/^* 33.) hermetically fealedat A, and filled 
with Mercury firom C to D, • and empty f?om 
thence to A. Now, fuppofing the: Gravity of 
the Air encreaftd, it will raife the Mercury 
higher in the Tube, and fo force it into a nar- 
rower Part ; by which Means the Column be- 
coming longer, its perpendicular Prefliire upon 
t!he Air below will be proportionably encreafed. 

The Tube is fmaller at a than at F, that the grcateft Varia- 
tion may be at ^hat Surface of the Mercury on which the Ball 

On 
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On the contrary, when the Air becomes light- 
er, the Mercury defcends into a larger Part of 
the Tube, and by that Means has .the. Length 
of its Colunin proportionably contra^ed. The 
Inconvenience that attends this Barometer, is 
that the Tube muft be very fmall, otherwife 
the Mercury will fall out ; • or the Aif will be 
apt to get into it, and divide the Column in fe- 
veral Places y and when the Tube is very fmall » 
theFriftionof the Mercury againft the Sides 
of it, will hinder it from rifing and falling 
fteely. 

' 7. Dr. Hook^ obferving how unfit the com- 
ttion Barometer, was to be ufed on Board of 
Ship, byReafon itsPofition ought to be fteadv^ 
contrived the following one, called, from its 
Ufe, a Marine Barometer, confifting of two 
Parts, the one AB (Fig. 34.) the common 
Spirit Thermometer, the other CD, a Tube fil- 
led with Air from C to E, and from thence to 
the End D with tinged Water. This End is 
inimerged in the famb Fluid contained in the 
Veflel G F ; and having its Surface expoied to 
the Prefliire of the external Air. Now, thelaft 
of thefe Machines will be afFefted both by the 
^armth of the external Air, and alfo by its 
iPreffure : The former dilating the Air includ- 
ed in CE, and by that Means driving the Wa- 
ter downwards ; the latter prefling it up higher 
in the Tube : Whereas- the other, ws::. AB, is 
afffi^ed by the Warmth of tlie Air alone. Con-n 
•"^ fequently. 


1 04 Of the Barometer. Part IL 

iequently, were thefe Inftraments graduated in 
fiich a Manner, that, if the Gravity of the ex- 
ternal Air ihould always remain the fame i% 
was, when the Inftruments were made, their 
Variations (then only depending on its Warmth) 
fhonld exa&ly correfpond with each other i 
that is, when the Spirit in the Tube A B, 
fliould afcend to i, the Water in C D, fliould 
defccnd to i , (3c. Then, whenever their Va- 
riations fhould be obferved to differ from each 
other, the Difference could only be afcribcd 
to fome Alteration in the Preffure of the Air 
upon the Sur&ce of the Water in the Veffel 
G F. In Prgportion therefore as the Diffe- 
rence is greater, or lefs, fo is the Alteration in 
the Gravity of the Air, from what it was when 
the Inftruments were adjufted. For Inftance, 
when the Water ftands above the Divifion, 
which correfponds to that, which the Spirit 
points to in the other Machine, it is an Indica- 
tion, that the Pxcffure of the Air is greater at 
that Time, than when the Iiifrruments were 
graduatol, and vice verj^^ 

This Machine is not only more nfeful at 
Sea, than the commpn om^ as not requiring 
a fteady Pofition ; but may have its Scale di 
Variation confiderably enlarged, by making 
Ae Bore of the Tube C D>ery (mi^rm P^^ 
portion to the Capacity gf its H^di ^^ 
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But it is obferved, that in long keeping the 
Inftrument, the included Air lofes fomewhat 
t>f itt Elafticity 3 whereby, in Procefs of Time, 
tilic Water ftailds higher than it ought, and 
thertfone indicates the Gravity of the Air to 
be greater than what it is. 

In the Philofophical Tranfadions N? . 427, 
I have given an Account of a Barometer, 
wherein th6 Scile of Variation may be eii- 
creafed ad Infinitum. The Defcription of it 
li as foUoWfe : A B C D {Fig. 35,) is a cy- 
lindrical VelTel, fiU^ with a Fluid to the 
Height W, in w'hich is immerged the Baro- 
meter S V, cohfifting of the following Parts : 
The Principal of which is a Glafs Tube, T P 
{'re{«'efented fepar^ttly at tp) wholi upper 
End T is hermetically fealed : This End 
does not appear to the Eye, being received 
into the lower End of a Tin Pipe G» H, which 
in its other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
TP. This Rod ST may betaken ofF, in 
Order to put in its ftead a larger, or lefler, 
as Occafion requires, S is a Star at the Top 
of the Rod ST, and ferves as ati Index, t^ 
jpointing to the graduated Scale LA, which is 
fixed to the Cover of the Veffel A B C D. 
M ifj" is a large cylindrical Tube made of 
Tin (te^pefented feparately at m n) which 
receives iii its Cavity the fmaller Part of 
the Tube TP, and is well cemented to it 

at 


io6 Of the Baromtter. Part If; 

at both Ends, that none of the Fluid may get 
in. 

The Tube TP, with this Apparatus, being 
filled with Mercury, and plunged into the 
Bafon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muft 
be fo poized, as to float in the Liquor con- 
tained in the VefTel . A B C D, and then the 
whole Machine will rife^ when the Atmof* 
phere becomes lighter, and vice verfd. 

I (hall hereadd a Computation, in Order to 
fliew the Poflibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmofpherc, and withal, the 
Reafon why it may be fo, Thofe who would 
fee a Mathematical Proof of it, may confult 
the Note below: * 

Let 


• Let the fpecific Gravity of Quickfilver be to thatof Watcr^ 
or to the Liquor the Barometer floats in, as / to ,i ; and if it he 
propofed^ that the Variations in this compound Barometer Ihall 
be to the contemporary Variations of the common Barometer in 
the given Ratio of « to i , this Effedl will be obtained, hy making 
the Diameter of the Rod ST to the Diameter of the Cavity of the 

Tube HI9 , as y^^— to i, which inay be thus demonfbrated. 

ns 
Let usfuppofe, that the Variation in the Height of the Quick* 
filver in the common Barometer, which we will caU <v, is iuch, 
that a cubic Inch of Quickfilver ihall rife into the Vacuum XT ; 
in Order to which, a cubic Inch of Quickfilver muft rife from 
the VefTel V ; that is, the Surface P muft fubfide fo far, that a 
cubic Inch of Water (ifthatbethe Fluid made Ufe of) ihall 
enter the Veifel V, by which Means the Barometer with the 
Parts annexed will be heavier by a cubic Inch of the fluid* 
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Let it be fuppofed, that the Fluid madfe ixft 
of is Water, and that the given Variation in 
the Weight of the Atmofphere is fuchi that> 

Now this additiofial Wei^t df a cubic Inch 6f PluiA\ w!U 
make the whole Barometer fubfide (according c6 the Law of^Hy^ 
droftatics) till a cubic Inch of the Rod HS, immediatdy extaiM; 
above the Surface at Wi (hall come under it ; but the Li:ngth o^ 
fuch a Magnitude of HS will exceed the Length of an e^ ual Mag« 
Bitude of Quicklfilver in the larger Tube X/as many Times as tro 
Square (Mf the Diatneter at X exceeda the Square of the Diasxetd^ 
at H (the Lengths of equal Cylinders being reciprocal to their 
Bafes.) That is> the perpendicular Defcent of the compound B^ 
tometer will be to ^, the perpendicular Aiiecnt (^ the 'Mercttry 
jn the comm0a Barometer^ as j/ to i (fuppofmg this the Rati^ 
bf their Bafes, and confequently will be equal to ^. * 

But, by this Defcent, the Diflance PW, between the Surface bf 
theiiaaiant Qgitkfilver and the Top of the Fluid, wilj foe augi 
nented by a Column, whofe Height, is Jv, the Defcent of tb< 
compoundBarometer j and confeijuently the Weight of thevvholij 
Cdinan of the.Fiuid prefling on the lower Surface of the Quickie 
filver (to wl^chithe Height X is partly owmg) will be enci^(e<}r 
hy a Column of that Length ; and this Increafe would produce a 
fecond Afcent of the Mercury at X equal to itfelf^ namely, dvg 
Were the Fluid as heaVy asQuickfilver ; biit fince It is fuppofed td 
be lighter in the Ratio of / to i^ the Afcent of the iQuickfilver^i 

' dv 
On thb Account, will only be -^^ 

s. 

Bui nOw^ as in the former Caie^ when the Afcent of the Mef'^' 
Cory was v^ the Deftent of the compound Barometer was flfewA 

tobei^; fohere, the Afcent of the Merairy being -^ the Pe* 
feent of the compound Barometer will be *— and the next Dc* 

fcenr* - ' * ' ■ and the next -*i-^ and fo on to Infmity. There* 

ssy i J > 

fore the whole Defcent of the cotr^pound Barometer^ is to th^ Af^ 
cent of the Mercury in the common Barometer, that is, » is td t 

Jd idd d* ds ' 

^ d * } ' I ' " f ' - 4" ^^* ^ ^» *^^ ** ' *^ * » ^^'^ 

s ss t^ ^ s-^d 

caufe the Tems of the Series being in georaetricaLProportion^ 

P the 
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by pfef)ip|,upon the Surface qf it at Vfy the Suf- 
face of the^Mercury at X may be raiifedtm Inch 
higl^er (mcafuring. from its Surface at P) than 
before ; and that the Breadth of the feavity of 
the Tube at X, and of the Bafon at P are fnch, 
that by this Afcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X more 
than before, and confequently in the Bafon a 
cubic Inch lefs. Now upon .this Sujppbfition, 
there will be a cubic Inch of Water m the Ba- 
fon more than there was before ; becaftfe the 
Water will fucceed the Mercury to fill up its 
Place. Upon this Account the whole Ma- 
chine -will be render'd heavier than it was 
before, by the Weight of a cubic Inch of Wa- 
ter, and therefore will fink, according to thQ 
Laws of Hydroftatics (Chap. II . ^.5.) till a 
cubic Inch of that Part of the Rod WS, Which 

ils is 

the Sum of them all i s Hence we have *rr>r-r- and there« 

fore ns':zzds'\*dn\ that is^ i xdwn^s : «/ : : — *— : i ; 

. . ns 
and tfaerefote, by extra£Ung the iquare Roots of each Term m 
the Proportion, i : y/</ (that is, the Diameter of ST to Ae 

Diameter of HI) as */ — — to i. ig. E.J>. 

Example i. Putting 1=14 and «r=:i, the Variation in each 
'^Ba2X)metcr will be equal, by taking the Diameter of ST to the 

15 
Diameter of HI, asy' — to x, that is, as 30 to 29 nearly. 
• ' ■ H • 

Exan^h a. If « be put infinite, the Diameter of ST will be 

I 
to the Wameter Of HF, as >/*- to t, or t io j/ 14 ; that is, 
as I to 3 ^ nearly. x . 

was 
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was. ajjpv^t/tjjje. Surface .cxf. the Water .at W, 
ovnes xxa49r,*t. Theiv^ we Tuppole tfeis Rod 
ib fm^U, ttiat-A cubic Inch of it Ihatl be four- 
tcc^n InchieS; 10, 1,/Qigl;h| the whole Machine 
will fink fourteen Inches lower into the Fluid 
jthan bc|pre,„ .^d confequently the Surface of 
the MCTCwry ,in the Bafon will be prefled more 
than it Wa^ before, by, a^ Column of Water 
fourteen Inches high. But the PreflUre of four- 
teen Inches of Water is equivalent to one of 
Mercury (becaufe Water is about fourteen 
Times lignter than Mercury) this additional 
Prefliire therefore will make the Mercury af- 
cend at X, as much as the fuppofed Varlatiou 
in the Weight of the Air did at firft. This Af- 
cent will give Room for a fecond cubic Inch of 
. Water ,to enter the Bafon 5 the Machine will 
therefore be again rendered heavier 1^ thq 
Weight of fo much Water, and accordingly 
l^ill fubfide fourteen Inches £irther. This wili 
occafion another additional Preffure of Water,^ 
which will raife another Inch of Mercury ^^ and 
make, the Machine fink fourteen Inches more* 
and fo on, without ever approaching n^rer to 
an JEqmlibrimn with the external Air : And» 
therefore a Scale, anfwering to the Variation of 
this Barometer, ought ftrid:ly and properly to 
]3e of an infinite Length \ becaufe a^er this Ba-^ 
rometer has funk or rifcn thoufands of Milcsi 
(if that were pofiible) itvv<^ld flilL|iave the^ 
jQune Tend^nicje to fink or 1^ ovi^ as whea i( 
;^fl; fetout. 

Pa ' Now 
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' Novi^; 2((^lbelCodl)(^ filial^ t}mM&oi\a$ 

Isxbg \tbs other £^iitt:biiiafiiiiig i%^\9m fupa 
pofed ^fapipe) :tbe yariatiQit in nn£BaaxaeM 
would botnore tlictnrtftfihitcy on^iegativ^ Tvatir 
Refpc^iQ thofc'of the coalman Barometer; 

The Meaning of which is; that wh&rea&ia th^ 
eommon Barometer, the fufpende(l Column of 
Mercury, by its rifing or felling, ajrproachp? 
nearer to an Mquiliirium wkK- ^he. external 
Air. this Baropieter would coritkioally recede 
from an MquHibriim m^ it j fb* that the fiir- 
ther it fhould move up or down, inAead of ac<^: 
quiring by that Means a lefs Tendency to mov^ 
pn, as the Mercury in the common Barometer 
does, it would require a greater. 

pn the contrary, when a cubic Jnch of the 
Rod is lefs than fourteen Inches in Length, 
the Variation will be finite j and tnay be made 
to bear any Proportion to thofc of the cofnmon: - 
Barometer whatever, as demonftrated in the, 
fpr^^oing J^ote. ; ^ 

« - * . '^ 

While I am writing this, another Method 
occurs to me of making a Barometerji whcitjin 
ihe Scale of Variation fliall bear any Propbr^ 
tioxi to that of thp connnon one. It is this s 
Let there be a compound Tube, as ABC (F/>, 
^6.) hetmctically ffealed at A, aftdopen at ^ 
empty item A to D, filled with MetCttiyfioni 
j^cttcc to ^^ an(J frocpt thence to B with Wa, 


t.N 


mBju&lV.^^f^*i$^^ fit 

FA» the/Var^doILinddleio^erScirfaGi0f;^^ 
V^aler et^ B iiidll borinfeiite/; i£ it^b^tfbokgr^jq 
msiny Tifiwsilefi) it wiRba more than; ihfiiiiMr/ 
otbervinib it .wiH: be iimte. See the Ddtujon^ 
ftrbtkifrm the Note ^. 

: -'That 


' * Let Of denote a given Variation in the common Barometer, x 
tiie conr^ndent Variation at £ fought. Let th^ lU^o of « to 
1^, ejqproft that cf the ipecific Gmvityof Mercmy^tb dut of Wa-^ 
ter J and rf to i, that of the Dia^ieter of the Tube FA to PCX 
Then the Variation at E, the lower Sur^ce of the Water, 'being 
fuppofed M, the VariadoA of it at ^ the npper Surface ofit wiu 

be — and confequenti/ GE, the JDifFerence of the Legs EK aiid 

-^* X 

KB, will vary ;r4—r Again,^ the Variation of the Snr&ee of 

the Mercury at B wiU be thefame with that of the Water in the 

fame Place, <vi«, «^ i and, if the Tube is of the iame Diajneter t 

fit D, as at B, the Variation of the Surface at I>wiiraifo be the ^ 

fiune, that is^ — : The Sum of both Variations, or ^he Variation , 

dd ^x 

of HD the Difference of the Legs, will therefore be-*— . Now the 

Preflure of the Mercuty and.Water together upon the Air atE, is 
owing'to the Lengths of HDanpd GE ; s^ fince one of tlieie will ' 
aiwa^siboiti^ when the other rengchensy the Variation iii their 
Preflure will depend on theVariation of the Diflference of their . 
Weightoi that is, of the DHftiience bet\^en the Weight of ;r-{- 
y 2x \ ',- . \\. J V:.-. ! it . • '.-•'• 

1^ and of — ^ But tfie Weight ^f x-U^ (being the Weight of . 
dd di" dd 

^ (}ofaisnn 0f Watttt)-eonipared to diat gfa Column of Mercury Of ^ 

1 'X .^»i-j»--»^->- ..." 
• ■ •-?. ■ • xA^^^j. s 

Di^&me Length, is only i > The Difference therefore 

n between 


That ' the Variatidfi' in )tb9 Bfarpxii(pf er may 
be- iiHinlter wilt s^^peaiif itom.tne IpUowlng 
Coonputation. : -:^ , . , , 

Let Ao Propwtiofl between the Bores pf the 
Tube AF and FC be fuchi that, when HD, 
the DiffcFence of the^ Legs wherein . the Mer- 
cury 1% contained, is augmented one Inch^ G£ 
the Difference of the Lqajs^ wherein the Water 
is contaioed^ ihall be diminiflbed fourteen ; 
then, a;s much as the Prcifure of the Mercury 
is augmented, that of the Water will be dimi- 
niihed, and fo the PreiTure of both taken toge- 
ther will remain as it was. And confequently, 
after it has began to rife, it will always have 
the iame Tendency to rife on, without ever 
coming to 2cn> Mqutlihrium widi the Air. 
. How far this Barometer will fucceed in Prac- 
tice, muft be left to Experience to determine. 

^tween ■ <■ and — will always be equal to the Variation in 
m ' dd 

ikt cospmoii Barometer, and thcrefc^e — — — - ss a;, aud by 

dd at 

vmdd : 

the ccmmon Method of Redu6tioo, jcsg' "■ < - That is, x: 

zm-^dd^^i 
*o : : mdd : ztn — dd — ?. Now, if we pot imosi 4, and ibcj, 2, 
«^^^aiid*^t will be as much as zm^ and thfrefi:>re am— -dV— i 
will be equal to nothing ; and fo x being by the Proportion at 
many Times more than «r, as wd5/is than nothing, 'tisinfmite. 
And if m be putr:=i4, and ^2x5, mdd will be equal to 3^0^ 
and 2/Kr-W^— 1=2 ; and therefore the Variations, in this Cafe^ 
wiU be to thofe in the common Barometer, as 175 to pne. 

Pro^ 


.I'T 


Probably, 'IF t^rfe Bbre <Jf tlie.Tttfec^ bffdiade 
very.fm^h •i^t'ziibottt'tfcc^ twentieth Pirtdf 
an' Inch • Diameter, the Air will iidt ofoend 
through the Water J^ as it is apf tp dt) thspngh 
the Metcury in the 'pendant Barometer }• .and 
the Smaljnefs of the Bore will not pr«^«it ^thc 
Water, frommpving>. nearfo much as^ itxkcg 
the Mercury in that Barometer. : . i 

There is an Impro^enc^nt 6f anotheriCind 
in the cpqimon Baronieter, whemby it is ren- 
dered ./fi>r^^i^/f. The Tube containing the 
Mercury, inftead of having its lower E.nd im- 
merged in a Veflel of that Fluid, has it. tied 
up in a leathern Bagj^ not quite full of Mercu- 
ry. And though die external Air cannot get 
into Bag to fu/pend the Mercury in the 
Tube, by preffing on its Surface^ as in the 
common one ; yet it has the feme BfFedt by 
preffing on the Outfide of the Bag, which, 
being pliant, yields to the Preflure, and keeps 
the Mercury fufpended in the Tube at its pro- 
per Height. This Bag is generally inclofcd in a 
little Box, through the Bottom of which pafles 
a Screw; with this Screw the Bag may be 
comprefTed, fo ^s to force the Mercury up to 
the Top of the Tube ; which keeps it fteady, 
and hinders it from breaking the Tube by darfi- 
ing againft the Top when it is carried about, 

as it otherwife would be apt to do. 

» . •* 

Sec 
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'Tp^f fe ^;ifind is ho oAcr, than the Nfof 
xjj; lion of the Air, upon the Sur&ce dt 
thc'Qlobe. "Soak of the Ancients took it 
to- be Air, nifhing cw* of the Bawels and 
Cfipidties b£ the Earth : And other$ thought it 
an £:thdlation fibm its Surface. But thefe arifc 
£55**^^'K>^ chinierical to ftand in Need 
of a particularGonfutation. 8ome of the.Mo^ 
tdet^, whd held a Pkrmm, have accdiinted fot 
it thus:: ^Th^ imagfiied, that the Air bein^ 
confined above, as it muft be, if :we. fiippofe 
a Plenum^ would, Mrhen more than ordinarily 
rarefied, or flocked with Vapours, drive 
away the neigbouring Air, in order to ihake 
room, for itfelf^ and by this Means oeca- 
fion a Wind. Gthcrsj obferving a conftant 
and perpetiiftl eafterly Wind to blow iat the 
Equator y afcribed its Origin to the diurnal 
Rotation of the Earth; abbul its Axis fi-om 
Weft to Eafti which they thought would 
occafion the Air upon its Surface to feem to 
tnove the contrary Way, being in fome Mcar 
fure left' behind, Buti whereas therfe are 
Winds^ in fonae Places near the Equator^ 

(^ than 
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that blow on other Pcrfnts of Ac Compafs 
(as we (hall fee hereafter) this Hyfoihefis is 
infufHclent. Bftfkles, the Aii* pre0ing upon 
the Surfece of the Earth by its Gravity, like 
other Qodies ; and having nothing to hinder 
it from moving freely along with if, muft ne- 
ceflarily, in Time, acquire an equal Degree 
of Velocity, and fo keep Pace ym^ Hi all li» 

Way roundjj 

The principal Cauie of the Windi or, m 
pther Words^ of the Ak's moving frtiin Plage 
to Place, upon th^ Surface of the Earth, \% 
the Atmofpjier^'s being heated ova: one Part 
more thmi oy«r another For, in this Cafoi 
the warmer Air being rarefied, beeoities ^peci* 
£caUy lighter than the reft, rifes up Into the 
iuperior P^ute of the Atmofphere, and ther« 
4iffufes itf^lf every Way ; while the neighbour^- 
ing inferior Air r^fties in from all I^arts at the 
Bottom^ to reftore the Mquilibrium* 

Upoi) this Principle it is, that moft of the 
Wind9 m^ be accounted for. 
: To begin with thofe whicji blow under the 
Equafor^ 

u Under th© Equate ^ the Wind is always 
obferved to blow from the Eaft Point *• 

For, 

* For the Reader^s E^ (who perhdps k not fiuniflied with 

the Philofophical Tranfkaions) I (ball here mfeit by y^J of 

Note, from Br'. HiM^s Aooooiat^ fo machof AicHil^artlK} 

JiTinds, as may be neceifary fon t)ie underftanding thU Theory. 

/ •* The- 
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' For» fiip|H>fiiig the 3^n to Continue vertlcni 
otmr&ttucone Pl^e, the Av will be moil rare^ 
ficd theres * end confaqueAl^i, the neighbcmrt 

ing 

'< Tiie nnivrrfiU O^e^n^ ^y% he, may inoft properly be di- 
** vided into three Part5> <v/». i . The Aiiantic ^d JEtbtopit 
«< Seas. 2. The InSan'OtsaUk, 3. Tlie great £iw^i& Sea^ or 
" the Pacific Oflcao. 

**, I. In the AthMtH and JSthidfic Seas, becween the Tropics, 
^ tiieiB i^ a ge^wrd ttifterly Wind ail tfarYearkmg» without 
** any con£derafale Variation 1 excepting, that it is fabjedl to be 
'* deflftfied therefrom, fomoi^W Points of theCompafs, towards 

di« Norths or SoHlfi^ACOOkdii^ to the Fofitm of the Place. 

** I . Near the Goaft of Jfirica, as Toon as 3FOU have paiTed the 

Canity Ifles> yoti are fure to meet a freih Gale of North-e^ 
^* Wind, aboittthe latitude of twentyHd£btX)cg^s^k►rtb; 
^ «diich ftidiMB conies to the £aft wards of the£«ft-n(Hthreafl^, 
" or pafTes the North-north-eaH. This Wind aoeompanies thofe 
*** bound to the Soathward^ to the Latitode of ten Degrees 
** North, and about «tt Undyed Lsa^oe^ from- the GrnntOi 
f* Coaif ; where; dll the fourth Degree of North Latitude^ 
^' diey f^ into Calms and Tamadees, or fudden Stojnis. 

'** z: Thofe. bovnd to tiie Cariiiie Ifles, find^ as tiiev ap« 
^* pM>ach the ^nmcan Side, that the albrclaid Nortn-^ail 
^* Wind becomes ftill more and more eaderly, fo as fometimes 
^^tcrbe'Eait) fomettmesEaft by South, but yet moil conunonly 
<* to tlse Nprthwaid of'thft £^, aPointortwo,*feldommore'. 
« *Tis likewUb oblenred, that the Strength of thefe does gra# 
« dually ded^afe, ,as yoU iidl to the Weftward. 

** 3. That the Limits of the Traie and variaklt Winds in 
^ thisOceany are farther extended on ^zAmmcan Side, than 
*^ the African ; for, Whereas you meet not with this certain 
^' Wind, . dH after yon have pafsM the Latitude of twei^-dght 
<^ Dei^es on this* Side 9 on the oontrasy Side it commonly 
•* holds to thirty, thirty*one, or thirty-two Dewees of Lati- 
<' tude:; and this is verged likewife to the Southward ef the 
<< Mijmn^aiah forneuihcQ^ o/GoaJHof^, the Limits of 
^ cfae^A^fWind, ase three or four DegtseBS nearer the Un/^ 


ft 


« 4. That 
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cqaal Foto^i Btt^ as die Bnnis comdniiailjp 
^ttfttB^ta tfa«/Wd):wacd, the Bus 3¥here tbs 
. ' Air 


<f 4. Tlwtfr(ml^iMhade€£fyafBtffitciiiitt[t^ to the 
i* afbrdaid Limiti on the Soath Side ofthe Eftattor, the Winds 
M ars gieaeraHy and perpetually lietiroeR the Soath and Eaib, 

V 2nd moft commoviy hetnetn the Soiitli-«eaft' and Eaft ; ob- 
^* feiving always this Rule, that on the js^iV^jt Side, 'they are 
^ more foutherly, on the BraJSIian mote ebfiedy* ib as to be* 
^* come ahM^ due fiafty the Utde Defleftian they have being 

V ilill to the Southwafd. in tlHs Part of the Oceaa; it had 
^' faeennyFortoiietopafsafiill Year, inanBnploynSearthat 
^' obliged me to regiad more than oidinari^ the Weather^ 
¥ and! foond the Winds conflandy about the Sonthrieaft, the 
*'* moil ii£ial Point Soatb-eaft by £aft : Whe^ it was ^di6rly» 
^^ it^gsneraBQr blew, hardy and was ^oomy» dafk, a|id Tome- 
<^ times rainy Weather : If it came to the Southwards, it was 
1^ generally ierene, and a fmall Gale next to a Calm ; but this 
A^ ^tottery common. But 1 never fiiw it to the Weihvaxds o^ 
f^ the 'ScQth, or N«rthwards of the Eaft. 

c ^ $. that the Seafon of the Year has ibme .final! JSfie£(: on 
*^ thefe ?ra^ Winds ; for chat when the Sum is confiderably to 
**, the Northward of iht Eqnator^ thrSouth^eaft Winds, efpe- 
4«. asSky jn slie Streight of this Ocean gf i may ;£> call it), be- 
<* tween Bra/Hy , ana the Coaft of Guinea, do vary a Point or 

V t«vo to the Southwaxd, and the Nordb-eaft become more 
** eafierly, and, on the oontrary, when the San is towards ih& 
^ fr9fic of Qapicom^ the South-eaflerly Winds become more 
*\ eagerly ; and the North^eafterly Wiivis, on this Side thA^ 
i^ 'Z/«€, • ve^ more to the Northwkrdi. 

<^. 6. That as there is no general Rule, that adm^to not of ibme 
V^ Exceptioli, ib these is in this Ocean a Tra^ of Sea^. wherein 

V the^ibutherly and Soiith-weft Winds are perpetual,. <«^/s&. all 

V along the Coaft ofGuh/en^ &r above ive hundred Leagues to- 
^ geth^r, from Siirrin Ledna,, to..the lik 'Of St. Tbcmsfs: for 
<^ the Sottth'^aft ^r^vWihd having pefsi'd ihe LiMi, ;and ap« 
^« proaching the Ccmft of Quitm yiMun eighty .or an hundred 
«i liea§^ies>indinestowtrd^|h)^SluirQ^a^ 

V eaft i and by Degrees, as yoacom^ nearer, it Vfl^i»^a)KN|( to 
? South. South-fo^th-weft, and in with the Land South-weft^ 
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Air is maft ^ftreficd^ dsrcarried: thelfame Way ; 
and therdbrethcf Tondeixy ciCill tbe;k>#er^, 
ttken togetdirc, is grbatw tfaat'^y^^^ than any 

other. 

^ and fome ti i n n W e ft iboA-<pdt IhA aft tkeWinis; which are 
*^ obfe>v«d on tlus Coaft when it blows tnie i \ bst there ace fre- 
** quenc Odms, violent fiidden G«fb, caMed Tornaduis, from all 
*< Points of the Cdimpafs, and ibmetimes rniwholefimieibgg/ 
*' eafterly Winds, ^ called' Hermt^e, by the Natives^ which too 
*' oftetk infeft the Navigation of thefe P^urts. . 

** ' 7. That to the Northwards oi thp Line, between ibor and 
f* ten Degrees of Latitude, and between the Meridians 6i€ape 
^ Firri^yaiidofiheeafiennoftHlands that bear that Name, there 
•* is a Tra£t of Sea, wherein it were imfuoper to {ay, there it 
t* any frade Wfaid, or yet a 'oaxiaUt ; lor it leems condemned to 
.f perpetual Calms, attended with terriUe Thunder and light- 
V ning, and Rains fo Sequent, that out Navigators from thence 
<< call diis Pto of the Sea, the Rmns : The little Wmds that 
f' are, being only fome certain <jufb, of very litde Conti« 
** nuance, and le4 Bxtent ; fo that fometimes each Hour yoa 
** (hall have a different Gale, which ^lies away inter a Calm 
^* before another fucceeds : And in a Fleet of S^psin Si^t of 
^^ one another, each ihall have the Wind from a (everal Point 
«< of the Compafs : With thefe weak Breezes, Ships are obliged * 
«* to make the beft of their Way to the Southward, through 
<* the aforelaid fix Degrees ; wherein it lis reported feme have 
** been detained whole Months for want of Wind. ■ ■ < >* 

** If. In the Indian Ocean, the Winds are partly general, 
<* as in the Mtbiopie Ocean $ partly periodical, that ia, half 
*' the Year they brow one Way, and the other half near upon 
'* the oppofite Points ; and thefe Points and Times of ihifbng, 
" aire d^erent in difivirent Pkrts of this Ocean. 

<*' 1. Between the Latitudes of ten Degrees and thirty De» 
^ grees Soudi, betwen Madagafiar and Hottandia uo>va, the 
^ Gmifrtf/ Trade-Winds about the South^teaft and by Eail, are 
«« ibnnd to blow ail die Year.long, toatt&itenUandPbrpofes^ 
^* after the fame MauBer, u in the £uBie Latitudes in the 
1< jEtifhfic Ocean, as k isdefcribei ia tke fourth Remark 
y afo*«golng; 

•» 3. That 


^tbcr. : 7I1181 .the IjcmdcjQqr.ffvtiie Aitf ifh 
fiiacdi: the Wbft;: boooam graenii, and ifs 
fbrti kupeUing' one aiuotfaer^ 'ttn(i jmiitiimiog ^ 

move 

<^ s. That the alare(aid Soath-caibWiiKfe'ext«idt<^[Mathi» 
^ two Degrees of the Equator y daring the luicio^ of Jun^ 
^* ^»^, and Augufi, &c. to Nomimber^ at which T^^^> between 
^' the South Latitude of thxee and ten Degrees^ being near tha 
^ MeridiaH, of the North End of Madagafcmr^ 9|id betweei\tw» 
'* and twelve South Latitude, being near Sumatra and Java v 
^ the contrarf Winds from the North^wod, or between the 
** North and Weft, fet in, and blow for half a Year, *vi%^ 
^ from the Beginning ofDeamber till May^:, And this idon/gam 
^* it obfenred as far as die Moluccm Ifles, 

** ^. That to the Northward of three Deorees South Lati«> 
'' tude^ over the whole Arahutn and InSan oo^ and Gulf of 
^' B^ga/y from SmMtrs^ to the Coaft of 4fricas there if an* 
** other MomfoQny blowing from QStber to ^d^i/, upon tha 
<^ North-eail Points ; .But in the.other half Y^ar, from Jfrii 
•* to O^ober^ upon the oppofite Points of South-weft and Weft* 
^ fbnth-weft, and that with rather nuDseFovce than the other, 
'^* accompanied with dark, rainy Weather; wlmreas the N<>rth* 
«* eaft blows desu^. 'Tis likewife to be notedi tb^ ^ Winds 
** are not fo conftant, either, in Strength or Point, in the Qulf 
'* of Bengaly as they are in the Indian Sea, where a ^ectaiq^ 
^* fteady Gale fcarcc ever fails, 'Tis alfo remarkable', that 

thc^uHiHveft Winds, in thefe Seas,, axe generally ipoi« 

foutherly on the African Side, and more wefierly on the 
** Mian. 

*' 4. There is a Trad of Sea to the Sou^^e^^ of tht 
<* Bfuaioryfv^eSi to the iame Chances of < tbe Winds, «/j«^ 
<< near the Afritan Coaft. between it aad ;the Ifl^ Madag^tar^ 
" or St« Laurenc€y and mm thence Northwards, as &r as the 
^* tiwi wherein fTom^pril ta OSohr^ theri^ i$ foun4 a^con- 
^ ftant frcfhSouth*fotttfa-weft Wind,. which, as you gp move 
^ northerly^ becomes flill jnoie aod more wefterly, fo as tofatt 
i* in with the Wefl-fovdirwefl Winds, jnentioned b^f^re in thofe 
^ Months of this Year to bccertaiA to the Northward oCthe 
9* Efnator. What Winds, hidw in thofe .$ea^,;for the othw 
^* half Year, I have not yet been able to obtain to o^fuU.Satif^ 
^' fadUon: The Account which has been given me« is only this, 
' * . ** That 


*4 


/ 


ox>ve till tbe nexit&ctiKn of die San, fbmoch 
of itsMotioa as was loft by his Ablbnco^ \% 
again lefiored^ B&d theittfore die edlerly Wind 
bocomes Perpetual. 

Some 

,^< That the Winds are nrncH eailerly hereabouts^ and as often to 
•' the North of the true fiaft, as to the Southward thereof. 

" 5, That to the Eaftward of Sumatra and Malacca, to the 
** Northwards of the Unei and along the Coaft of Camhoia 
** and China, the Monfoons blow North and South ; that is to 
•' fey, the North-eaft Winds are much northerly, and the 
•' South-wefl much foutherly. This Conftitution reaches to the 
** Eaftward of the Philippine Mes, and as far northerly as 
** Japan \ the northern monfoon fetting in, in thefe Seas, in 
^ OBober oxHvombin and the fouthem in ikfiTv, blowing all 
** the Summer Months. Here it is to be noted, that the Poinis 
*' of the Conrpafs from when<x the Winds come, in thefe Parts 
*^ of the World, are not fo fixed, as thofe lately defcribed ; for 
** the foutherly will frequently pafs a Point or two to the Eaft.* 
*' wards of the South, and the northerly as much as to the 
'* Weftwards of the North^ which feems occafioned by the great 
*' Quantity of Land which is interfperfed in thefe Seas. 
. ^ <' 6. That in the fame Meridians, but to the Southwards of 
*^ the Equator, being that Traft lying between Sumatra and 
** Java to the Weil, and New Guinea to the Eaft, the fame 
** northerly and foutherly Mi9»/00ff/are obferved ; but with this 
'** JDifFerence, that the inclination of the northerly is towards 
*" the North-wefb, and of the foutherly towards* the South* 
eafi : But the P/ag4e Fenti are not more conftant here thaa 
** in the former, njiz. 'variable five or fix Points. Befides, the 
Times of the Change of thefe Winds are not the fame, as ia 
the Chinefe Seas, but about a Moiw:h, or fix Weeks later. 
'* 7; That the contrary Winds do not fhift all at once, but la 
fome Places the Time of the Change is attended with Calmt^ 
in others with *variah/e^'mds ; and it is particularly remark- 
able, that the End of the wcilerly Monfoon, in the Seas of 


Cf 
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** China, are very fubje^t to be tempeftuous. The Violence of 

*' thefe Storms is fuch, that they feem to be of the Nature of 

** the Wefi-India Hurricanes, and render the Navigation of 

•* thefis: Parts very unfafe about that Time of Year. Thefe 

.•" • . •' ** tempeftir 
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Sooae am inclined to think» that the con-^ 
tmual ihtftix^ of the Sun to the Weftward^ 
ihould produce a wefterly Wind under the 
Equator^ fay caufing the Current of the Air 
from the Weft to exceed and over-balance that, 

** Tempeftsareb/ontSeataiBh^ ubsJifytexxn'iihtBriakinguf 
** of the MonfooTu, 


« 
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III. The Hurd Ocean, caSed Mare Paeifiam, wlioieEz* 
tent is equal to that of the other two (it being from the Wefl 
«< Coaft of America to the Philiffine lAands, not lefs than an 
hundred and fifty Degrees of Longitude) is that which is leaft 
known to our own, or the neighbouring Nations : That Navi- 
gation that there Is on it, is by the Spaniards; who go 
yearly from the Ooaft of Nenv Sfafn to the Mauilbds : £it 
that but by one beaten Tra&; (b that I cannot be ib particular 
** here, as in the Other Two. What the Sfaniflr Authors &y of 
** the Winds, they find in their Courfes ; and what is omfixmed ' 
<< by the old Accounts of Drake and CattHJt^ and fmce by 
** Schootea, who failed the whole Breadth of this Sea, in the 
" fouthem Latitude of fifteen or fixteen Degrees, is, that there is 
** a ereatiConformity between the Winds of this Sea, andthofe 
ofthe Jtlamtic and Etbiopif ; that is to fay, that to the Norths 
ward of the Equator ^ the predominant Wind is between ^hc 
<< Baft and North-eaft ; and to the Southwards thereof, there 
« is a conftant, fleady Gale, between the Eaft and South-ea(l» 
*^ and that on both Sides the lAne, with fo much Conflancy, 
*< that they fcarce ever need to attend the Sails ; and Strength, 
*' that it is rare to fail of crofiing this vaft Ocean in ten Weeks . 
Time ^ which is about an hundred ^d thirty Miles a Day : 
Befides, *tis faid, that Storms and Tempells are never known 
in thefe Parts^ wherefore fome have thought it might be as 
fhort a Voyage to yaban and China^ to go by the Streighu 
of Magellan^ as by tne Cape of Good Hope, 
"** The Limits of thefe Genera/ Winds are much the fame aa 
.« in the Atlantic Sea, a;/«. i^ut the thirtieth Degree of La- 
'* titude on both Sides. Befides, a farther Anabgy between the 
«* Winds of this Ocean^ and the Etbiopic, appears in thai, 
« that upon the Coafts of Pern, they are always much GivLthtd^, 
** like u they are found near the Shores of Jngfflai 

which 
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es the eaflierft Air retakid its Histt &me time 
ftfter die Suif is removeA from k, ie tnuft ^ 
Ways be rarelfced fo a greater Degree, andaiS> 
ta^ greater D^nCe from tlie Piac^ to wiiich 
the Sun ia vcrticat^ th^n the weftcrn Air k -, 
and therefore the weftem Air, beit^g more 
pofiderous^ ftiodld be an Over-balance for tfce 
eafteriy, and drive the Current before it. 

But ft is to be obfervcd^ tfiat we arc not td 
cofifider the Point to whicfr the Snn k ver* 
efeal, but the Pbint of jareateft Rafefatftioa 
(whiefr, upon Account of me Stfn's Motion to. 
tfteWeftwkrd, Ee^alHKrays to the Eaflh;rati*) ; 
Olid ^cn fee, which Side of the CoRimn of, 
Mvy iiwmnbent over that Poinl foftains tho 
greater Preffiire 'from the neigM)ouring^ Ccr-*' 
lunttrs*. Now, although the Air is rarefied 
even farther ta the Baft of this Point, than to 
the Weft, yet fKtt, if we fiippofc ^ Pofot 
to' keep it^ pbce, the Air over it wiH fuftairt 
adf equal Degree of PrefEire on each Side; 
Pop, lince no Cohimn can be aiBgned on the 
weflern Side,, but one aHa on the eaftern, 
may be found under an equal Degree of Rare* 
A€fion, and therefore of Ac fame ^ecific Gra^ 
^ky: and fince Fluids of equal Heights^ and 
Ae ikme Ipeeific Gravities (whatever be the 
Breadth of their Columns^) prcfs equally againflf 
cquaP Objeds, ( Ch^^p. I. §. 9. ) *tis very 
fvidknt^ tfait "^tfee Cohimn c* Air; ^ve^ the 
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Point of greatcft Rarcfoftion, is prefled equal- 

. ly both Ways ; and fo, upon this Suppofition, 

each Wind will blow towards that Point with 

• 

equal Force. But, if we fuppofe the Point 
of greatcft Rarefadlion to (hift towards the 
Wdl, we fhall find, that iHm Mquilibrium 
will by that Means be deftroyed, and the 
JVlotion jof the Air (upon the whole) deter- 
mined that Way. For let us confider any 
Portion of the weftern Air approaching to- 
wards the Point of greateft Rarefedtion, if that 
Point fhifts, in the mean Time, towards the 
Weft, then will that Portion reach the faid 
iPoint fooner than it othcrwife would have 
done 5 thereby lofing a Part of ite Motion, by 
which Means the wefterly Current will be di- 
minifli'd. Again, if, while the Eaft Wind 
blows towards the Point of greateft Rarefaction, 
that Point moves on before it, then will the 
^caftern Air have a greater Quantity of Modon, 
than it otherwife would have had; that, which 
^ £hould have been an Impediment to it, being, 
upon this Suppofition, ' in fome Meafure with- 
drawn ; and fo the Eaft Wind will be aug- 
mented. Thus, the Weft Wind having its 
Force ICxTen'd by the Motion of the Sun, and 
the Eaft one being increafed, the latter at 
length as it were abforbs the former, and car- 
ries it away in its own Diredlion. 

2. On each Side of the Equator y to about 
the thirtieth Degree of Latitude, the Wind is 

, ^ found 


found to yzTf^ from'the.Eaft Point, &i a? to 
become North-rcaft on the northern Side, and 
JSouth-eaft on the {puthern^ . . 

The Reafpn of which is, that^ as the ^^f^ 
torial Parts are hotter than any other, both the 
northern and fouthern Air, ought to have a 
Tendency that Way; the northern Current 
therefore, . meeting in this Paf]%<f with the 
eaftern, produces a North-eaft Wirjd on that 
Side; as the fouthern, Current joining, with 
the feme, on the other Sidet l^eiEguatOTj forms 
a South-reaft Wind jthere. 

Thefe twoPropofitions are to be undiO^ftood 

, of open Seas, and of fuoh Parts of them.aa are 

diAant from the Land 1 ibr near, the Shores^ 

where the neighbouring Air is much rare% 

;fied, by the Reflection of the. Sun's Heat from 

(he Land, it frequently happens otherwife, 

.particularly 

3. On the Guinea Coaft, the Wmd always 
lets in upon the Land, blowing wefterly in*- 
Acad qf eafterly* This is becaufe the Deferts 
of Africa lying near the lE^uatoTy and being a 
very fandy.Soil, refle<Jt a. great Degree of Heat 
into the Air above them. This the;refore be-, 
ing rendered lighter, than that which is over 
the Sea, the Wiqd continually ruflies.in,upQft 
the Land to reftore the Equilibrium, . * 

4^ That Piart ojf th? Ocean, which is called; 
the i?^/p5, is attended with perpetual Calms, 
|he Wind ipsirqe. blosf ing fenfibly either one 


f «6 ©/i!&^i%wr ^fertH. 

Not^ Bige 2 i^, ilemadt fdi). For tbsTjnsfl 
being placed betweendie wdbsa^ Wind bbw» 
-^gii^ thenoe taw&t-ds th^ CoaA of Gumea % 
«m4 tfae estfteiiy Wmd bknmg fion ^ ikiaae! 
JHace to the Weftitviard i^reof^ -^ Air ibmda 
in .^j^//iM> ba^Meen i^^h, aa^ dts Gtwityis 
fo ppmch ditpiniflied 4iiereb)ry tisatit is ixtt s&Iq 
to fupport the Vapow it contains, but iefis i( 
fall in CQntinuid Rain, ^cxa i»ehence lius f$sk 
flff tlie Ocean lias its Naiine. 

5» There is a Species dfWinds^ ob&nrabisi 
3n foma Pkees within the frtfics^ called bjr 
tthe Sailors Monfims, whidi, during &x MontM 
jof the Year, bkwone Way 3 «nd ^e rosoaiii^ 
liig ^xtht cor^tF^ry, 

The Oco^bn o^ them m geneml is this!) 
Wh<m the Siin approaches^eaftortheraS&^V^ 
there are feveral Countries, as j&aiiaj l^trfia^ 
1^^, &c. which become hotter,, and refled 
fiiofie Heat than the Seas beyond ^ jg9»;aifier^^ 
^ich ^e Sun has left \ the Wiinds th^efore,^ 
ip*ftead of blowing ftom thei^oe to the Pafts 
vnder the Equate: y blow the contoiry Way | 
^nd when the Sun leaves thdfe Co^mtrk^^ luul 
4raws WSMT ^he other fropk^ the Winds ttari^ 
ftk)ut> and blow on th^ ojppoite j^int df ^ 



The llpgalarity ^ thf fe Winds iiu^ng 
^leQi moi^ that! opdm^ly uSfefol in N«ti^|^ 







»^7 

Id them, vkI t&e paitkadtt 
of the Mmfoms^ &€• See the Hiftorioal i&o- 
'<:Qimti0tfaeiSinegoiBgNoic; i^wfaaehnugh^ 
otfily be loived upon die ftitie Pkinc^le^ hid 
we iXi/ai to go 4)i|iQP) and were all the feverai 
Gkcutixftano^ tof SftusCioft> Heat^ QoU^ &c. 
diffidently Jcnown ^« 

From the Saladoa of the general Trade 
Wi«id$» iVNe n^y fee the Reafon, why in 
the ^Amf/V Ocean, a little on this\Side the 
diirtietb Degftse of Noath Latitude, (»r liiero- 
afaottts» as was obferved in die for^ifq^ 
Diflertatiofi, thoe is geDerally a Weft, or 
&wth«-weft Wind* FdF, as die inferior Ak, 
. within the Limits of thofe Winds, is confiaotr 
ly tudiing towards the Equator^ from the 
North-eaft Poairt:, or thereabout, the fuperior 
Air moves the contrary Way; and there^are 
after it has readied thefe Limks, and nieetn 
with Air, that has little or no Tendeficy to 

1' - - ' 

. * Some havf thought; that the B^galarity of the general ^^uA^ 

I Winds, is partly owing to the diurnal Motion of. the Maon from 

Ball to Weft. For, as the Sun renders the Air fpecSet^lly lighter 
1st i^s Heat^ fo does the Moon by attracting it, in the fame 
Itfanner, as it does the Sea^ in raifing the Tides : But.it is t^ 
be oblervedj^that as the Moon ads with the greateft Force upon 
tiie ftiperloirJ^s.of the Air, and as thde fiiperior Parts are 
nncomnedf and therefore'more at L2>erty to ruth in^ in Order 
to reSore the ^fuUihrium ; it wiU from hence follow, that the 
ibfliihg m of tlte fiiperior Parts dF the Aimo^here will princi* 

Kll;f cqi^lNile towards ntiom^tha jE^i&rum i and iatte 
otiM^ ^Ci&^d Vdtow^ win be yeiy ioccnjder^blc. 
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any one Point more than to anotl^, it wjjl 
determine it to move in the iame Diredion 
with itfelf. . . 

In ouf own Climate we fiequeijitly expe- 
rience, in caUn Weather, gentle Breezes blow- 
ing from the Sea to the Land, in the Heat of 
the Day ^ which Pbanomenon is very agreed- 
able to ^e Principle laid down above : For 
the inferior Air over the Land being rarefied 
by the Beams of the Sun, refleded from its 
Surface, more than that which impends ovef 
the Water which reflefts fewer, the latter is 
conftanriy moving on to the Shore, in orde? 
to reftore the Mquilibrium^ when not di^, 
fturbed by ftronger Winds from another Q^r^^; 
ter ^. 

From what has been obferved, nodiii^ is 
more eafy than, to fee, why the northern and 
fouthern Parts of the World, beyond the Li-r 
mite, of xhtl^rade Windsy are fubjedl to foch 

+ In Confirmation of this^ we have an cafy, and very pert 
tltiei^ Experiment, related by Mr. Clare 9 in hh Motion af 
puids, « Take, y2yr; ;&^,, ii large Difh, fill it with cold Wat^vli 
** into the Middle of this put a 'Water-Plate, filled with warn^ 
** Water.: The firft will reprefent the. Ocean; and the other 
♦* an IHand, rarefying, the Air above it;. Blow out a Wax 
«* Candle, and ii the Place be Hill, on applying it fucceffivelyj 
** to every Side of the Diib, the fuliginous Particles of the 
** Smoak, being vifible and very Kght^will be feen to move ^ 
*' tpwards the Plate, and rifing over ;t, point out the Cpyij? 
•* of the Air from Se^ to Land. Again, a the ambient Water 
'< be warmed, and the tlate filled wiih cold Water, let the- 
'' fihoaking Wick of the Candle be held over *the Plate, and 
y the contrary will happen. * * ' 

Varietv 
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Variety of W5nd$. Fftr the Air, upon Ac- 
count of the lefler Influence of the SiinJn thole 
Parts, being undetermined^ to move towards 
any fixed Point, is continually fhifting from 
Place to Place, in order to reftore the Mquilt^ . 
brium^ wherever it is deflroycd; whether by 
the Heat of the Sun, the rifing of Vapours^ 
or Exhalations, the melting of Snow upon the 
Mountains, and a great Variety of other Cir- 
cumftances, more than can be eafily enume>- 
rated. 

We are told by Hiftorians, of certain Caves 
that emit Wind j if fo, it is when the included 
Air is rarefied by Heat, and therefore rufhes 
out for want of Room } or, when the Preflure 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminilhed, and fo permits the 
internal Air to dilate itfelf, and ifliie out. 

For more on this SubjeA, fee Ntemo(ntyf% 
Religious Philofopher. Regnaulf^ Philofo- 
phicalConverfations. Clare' ^ Motion ofFluids* 
Martin's Philofbphical Grammar, And th<{ 
Authors referred to in Mx.Jobnfon' sQud^Aionc^ 
Philgfoph* Cap. IV. Quffift. 1.2. 
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DISSERTATION VL 

Of the Formation and A/cent of P'a^ 
pQurs^ and their Rrfohtian into 
Ram^ Sncrar^ andlbaL 

THAT Vapottrs are raifed from the Sbi^ 
fece of Water by the Aftion of theStm'ii 
Heat, is agreed on ffjr all : Bbt dte Maimer in 
whicli this k done^ has c¥€r been a Controvwfy 
amcmg Kiilofophers ; ndltherisitattfiisTkiie 
ibfiiciefitiy explained by any one. 

If we confiilt a C^rtefort upon th^ Msktter^ 
he ifninediately telte m^ that, by the Action of 
the SttaiipdnAe Water, final! Partides of llie 
Water, are formed into hollow Spheres, filled 
yfnik Materia SubeitiL, and by that Rfeans be* 
coming lighter than an equal Buik of Air, are 
eafity buf^Nsti up in rt. But, as^ thfe B/taterik 
Sttbtilis is only a PiAion, this ^^tion is not 
to be regarded. 

Dr. Niet^mentyt^ and federal other Phik>- 
fophers, who maintain, that Fire is a parti- 
cular Subftance, difiia£t: fi-om other Matter, 
account for the Formation and Afcent of Va- 
pours thus : They fay, thsrt the Rays of the 
Sun, or Particles of Fire fbpantted firom them, 
adhering to Partides of the Water, make 


• 4 
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up little Bodies, lighter than an equal Bulk 
of Air J which therefore, by the. Laws of Hy- 
droftatics, will afcend in it, till they come to 
an Height v/here the Air is of the fame fpecific 
Gravity with themfelves. Aod> that Rain is 
produced by the Separation of the Particles of 
the Fire from thpfe of the Water ; which laftj 
being then left without Support, can no longer 
be fuftained by the Air, but falls down in 
Drops of Rains *i >; 

This Opinion is liable to the following Dif- 
ficulties s Fir/t^ Fire has never been yet pro- 
ved to be a diflindt Element, of a particular 
Subftance 'f ; and the Change of^ Weight in 
Bodies in chymical Preparations, heretofore 
thought to arife fiom the Adhefion of Particles 
of Fire, is found to proceed from the Adhefion 
of Particles of Air §. . 

Secondly^ Should the above-ineritioned'Sup-j, 
pofition be allowed, the fiery Particles, which 
are joined to the watery ones to buoy theto 
up, muft be confiderably large, or elie a very. 
gfeat Number .inuil fix. upon a fingle Particle, 
of Water j ' and then a Perfon being on the 
Top of an Hill in a Clbud, would be fcnfible 
of the Heat, . and find the Rain produced from 
that Vapour, much colder than the Vapour it- 

* See,Arz«w>^ji()7;'8 R,cligious Pkilofopher, Gontempt. 19. 
•(• See the Authors, referretl to in Mr. John/on^ Qaajftioiies 
Philofoph. Cip/I. QTiicft..3o. • 

j By Dr. lluks, in bis rOe9;^tiihl^ Statics. 

S ■ ' felf;" 
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fclf : whereas the contrary is evident to our 
Senfess the Tops of Hills^ though in the 
Clouds, being much colder than the Rain 
which falls below. 

Befides, the Manner in which the Particles 
of Water fhould be feparated from thofe of 
the Fire, fo as to fall in Rain, is not eafily to 
be conceived. 

The moft generally received Opinion is. 
That by the Aftion of the Sun, on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, ' filled with a Fktus^ or 
ivarm Airy which renders them fpecifically 
lighter than common Air, and makes them 
rife therein, till they meet with fuch as is of 
the fame fpecific Gravity with themfelves *. 
.But I afk, 

Firjiy How comes the Air in the Bubbles 
to be fpecifically lighter than that without, 
lince the Sun's Rays, which ad: upon the 
Water from whence they raifed, are equally 
denfe over all its Surfiice ? 

Secondly y If it could be poflible for rarer 
Air to be feparated from the denfer aniblent 
Air, to form the Bubbles (as Bubbles of foaped 
Water are blown up by warm Air from the 
Lungs, whilft the ambient Air is colder and 
denfer) what would hinder the external Air 
from reducing that, which is inclofed in the 
Bubbles, immediately to the fame Degree of 
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'Coldnefs, and fpecific Gravity with itfelf; 
(Cold being readily communicated through 
fuch thin Shells of Water). By which jneans, 
the Bubbles would become fpecifically heavier 
than the circumambient Air, and would no 
longer be fupportcd therein ; but fall down, 
almoft as foon as they were formed ? 

Thirdly^ If we fhould grant all the reft of 
the Suppolition, yet the following pifficulty 
will ftill remain. If Clouds are made up of 
Bubbles of Water filled with Air, why do not 
thofe Bubbles always expand, when the ambi- 
ent Air is rarefied, and preiles lefs upon thenj 
than it did before ^ and why are they not con-* 
denfed, when the ambient Air is condenfed by 
the Accumulation of the fuperior Air ? But if 
this Condenfation and Rarefaction fliould hap-, 
pen to them, theCloudswould always continue 
at the fame Height, contrary to Obfervation } 
and we fliould never have any Rain. 

The two laft Opinions are more largely ex^ 
amined by Dr. Defaguliers in the Philofophical 
Tranfadions N^. 407. After which he en* 
deavours t© eftabliih oAe of his own. 

He obferves, with Sir Ifacc Newton^ that, 
when by Heat or Fermentation the Particles 
of a Body are feparated from their Contadt, 
their repulfive Force grows ftronger, and the 
Particles exert that Force at greater Diftances y 
{q that the fame Body fliall be expanded info 
^ very large Space, by becoming fluid j and 

§ S way 
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niay ibmetimes take up more than a Million 
of Times the Room it' did in a folid and in- 
compmtffible State. " Thus, fays he, if the 
'^ Particles of Water are turned into Vapour, 
^* by repelling each other ftrbngly, and repel 
^^ Air more tfian they repel each other j Ag- 
^* gregates of fuch Particles, made up of Va- 
f J pour and Vacuity, inay rife in Air of different 
f* Dcnfiiies, according to their own Denfity 
" depending on their Degree of Heat/* He 
obferves farther, that Heat afts more power- 
fully on Water, than on conimon Air ; for that 
the fame Degree of Heat, which rarefies Ait? 
two Thirds, will rarefy Water near fourteen 
thou4nd Times, changing it into Steam or 
Vapour as* it boils it. And in Winter, that 
fmall Degree of Heat, which in Refped: of our 
Bodies appears cold, will raife a Steam or Va- 
pour- from Water, at the fame Time that it 
condenfes Air. Laftly, he obferves. That the 
Denfity and Rarity of this Vapour depends 
chiefly on its Degree of Heat, and but little on 
the PreiTure of the circumambient Air. From 
all which he infers, that the Vapour being 
moi?e rarefied near the Surface of the Earth, 
than the Air is there by the fame Degree of 
He^t, muft neceflarily be buoyed up into the 
Atmofphere ; and fince it does not expand it- 
felf much, though the PreflTure of the incum- 
tint Air grows lefs, at length it finds a Place 
where the At^ofpherc is of the fame fpecific 
"'• '^ ' '* Gravity 
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Gravity with itfelf, and there floats, till by fome 
Accident or other^ it is converted again into 
Drops of Water, and falls down in Rain, 

And to fhew that Air is not neceflary for 
the Formation of Steam or Vapour, he gives 
us this Experiment. . 

'' ABCD (Fig. 37.) is a pretty large Vef- 
^* fel of Water, which muft be fet upon the 
** Fire to boil. In this Veflel muft be fufpend- 
ed the Glafs Bell E, made heavy enough 
to fink in Water; but put in, in fuch a 
^' Manner, that it be filled with Water when. 
" upright, without any Bubbles of Air at its 
^* Crown within, the Crown being all under 
** Water. As the Water boils, the Bell will 
by Degrees be emptied of its Water, the 
Water in the Bell being preflcd down by 
the Steam which rifes firom it ; ^ut^ as that 
Steam has the Appearance of /^r, in Order 
^^ to know whether it be Air or not, take the 
Veflfel ©ff the Fire, and draw up the Bell 
by a String faftened to its Knob at Top, 
^< till only the Mouth remains under Water j 
^* then as the Steam condenfes by the cold Air 
'* on the Outfide of the Bell, the Water will 
rife up into the Bell at F, quite to the Top, 
without any Bubble above it ; which (hews, 
^^ that the Steam, which kept out the Water^ 
?^ was not Air/' 
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This Hypothefis, however plaufible it may 
appear, is attended with KfEcuIties, as well 
as the other. For, 

Firjl^ If the repulfive Power of the Particles 
of Water is fuifHciently augmented by Heat as 
fuch (and that by a very fmall Degree of it) 
to make them recede from each other, and be- 
come fpecifically lighter than common Air; 
how comes it to pafs, that all the Particles of 
Water, asfoonas, or before it boijs, have not 
their repulfive Forces thus augmented, fince 
they are all under a much greater Degree of 
Heat, than is neceflary to raife Vapour ? 

Secondly^ Allowing that they may rife off 
from the Surface of the Water, and float in 
the circumambient Air, as being lighter than 
it, why do not their repulfive Forces, as they 
rife up int^ the Air, and the fuperincumbent 
Prefllire 'becomes lefs, drive them, to greater 
Diftances from each other, and fo caufe them 
to continue lighter than the Air about them 
at all Heights ? 

^irdly^ If the Preflure of the Air about 
them, when near the Surface of the Earth, is 
jiot fufficient to bring them into fo clofe Con- 
tad, as to form Drops of Water there, w^hat 
Force will they find fufficient for it, when they 
are carried aloft into a Region of Air, where 
the ?refl[urc is not near fo great ? The Doctor 
hints, that they are formed into Rain, " when 
\\ by the .great Diminution of the fpecific Gra^ 
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vity of the Air about a Cloud, it has a great 
Way to fall, in which Cafe, he fays, the 
" Refiftance of the Air, which incieafcs as 
the Square of the Velocity of the defcend- 
ing Cloud, caufes the floating Particles of 
" Water to come within the Power of each 
other's Attradion, and form fuch big Drops 
as, being fpecific^Uy heavier than any Air^ 
** muft fall in Rain." But as the inferior Air, 
from the Cloud to a confiderable Depth below 
it, cannot be fuppofed to leave it all at once^ ' 
the Vapours muft neceflarily fell all the. Way 
through a refitting Medium 5 fo that the little 
Velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
Refiftance fi-om the Air greater than the Pref^ 
fure which the Vapours fuftained below. 

Lqjily^ The Experiment , brought to make 
Way for this Hypothefis, ihows clearly, that 
Va5)0ur formed without the Afliftance of Air, 
is immediately condenfed into Water again, as 
foon as it is fuifered to cool : Which is widely 
different firom what happens to Vapours buoyed 
up into the colder Regions of the Air, and 
floating there, till they fall in Rain, 

Thefe are all, or the principal Hypothefes^ 
that have been framed for the Solution of this 
common Phenomenon : Which as they feem 
inadequate to theJEfleds produced, and there- 
fore unfatisfaiflory, I thought it not amifs to 
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fuggeft to the Reader the chiefDifficuIties, with 
which 1 conceive them to be attended. But 
as it is eafier to pull down, than to build up, to 
overturn a weak Hypothefisy than to raife and 
fupport a ftrong zndfufficient one j fo, I muft 
own, in this Cafe, I can think of no Way o( 
accounting for the Rife of Vapours, according' 
to the received Principle^ of Philofophy, ot 
fay wherein their Nature. Confifts. Upon this 
Account it is impoffible I fliould give a Philo- 
fophical Account of their Refolution into 
Rain. It muft fuffice juft to mention the Caufes 
which are obferved to produce that Change. 

The firft is. Part of the Air beneath them 
being carried away by contrary Winds blowing 
from the fame Place *, the Remaindet be-* 
comes too light to buoy them up, and {o the 
upper ones, in all Probability, precipitate down 
irpon the lower ones, unite with them, and 
forms Drops of Rain -f-. Another is great 

C^an- 

* Perhaps it may be thought, that whai the Air, which im- 
pends over any Place, is carried away from thence by contrary 
Winds, the Vapours which float in it ihould be carried away 
too i and io the few that remain ihould be eafily fupported ; 
or, if they fall; fhould not produce much Rain. 

Now, in anfwer to this, it mull be coniidered, that as the in- 
ferior Air is carried away from any Place by contrary Winds, the 
Height of the Atmolphere is diminilhed thereby ; wherefore, in 
all Probability, the uiperior Air rufhes in by a contrary Current 
to fill up the Vacuity at the Top, which bringing in its Contents 
of Vapour affords a contiiyial Supply for the Rain that falls. 

\ A remarkable Inftance we have of this, jn that Part of the 
Jtla»ticOQC^9 which the Sailors call ^ Rains, (fee DiiFert. V.) 

from 
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Qimntites of them, being driven by the Winds 
againft the Sides of Mountains, are thereby 
made to coalefce^ and fo cohftituM Rain *i 

It 

fiDm the frequent Rains that fall thc?e : the bccafiBnbf (vhkl! 
is, that the Atmofphefe is diminifhbd by continual contrai^ 
Winds blowing from thence; fo that it is not able to fuftain th& 
Vapour it receiveSi 

♦ Upon this dgpfehds the Bifference of the SeafcJris Of thfe Ycai* 
at Malahar and Coromandel in, the Eaft-Indiet^ and at f annuel 
in the Weft. See Dr, Gordtni% Difcourfe on the Caufes of thtf 
Change of Weather, Philofophical Ti-anfaftions, N<^. 17 — ■ ' ■ 
** tho^Rilrers of Indi^ and GangA^ fays he, where they enter th«J 
•* Ocean, contain between them a large Qjtrfonefusj which is di- 
**vidca in the Middlfe by a Ridge Of Hills, whi'th they call th6 
" Oate, which run along frdin Eaft to Weft; and quite through 
*' to Cape Comori. On the one Side is Malabar ^ and bn thb othe^ 
" CaromandtL On the Malabar Side, betwedi that Ridge of 
*' Mountains and the Sea, it is after their Appellation Summel^ 
•' from Seftmh& till Jlpril j in which Time it is always a deal: 
«* Sky, without once; or Veiy little Raining. On the other Sid^ 
** the Hills, on the Coaft of Cor^mandeU it is at the fame Tim^ 
** their Winter, -evfery Day and Night yielding Abuncbnce of 
<< Rain; and from jiprii to Siftmbtr it is, oh the Malabar Sid6 
«* their Winter, and on the other Side their Summer : So tha^ 
** in little more than tweiity Leagues Journey in fome Places, as 
«* where they crofs thfe Hills to St. Thomlas, on the one Side of 
«* the Hill you afcehd with a fair Summer ; on the other yoii 
** defcend with a ftormy Winter. The like is faid to be at Cape 
•* Razalgate in Arabia. And Dr. ^roph)am relates the fame of 
•* Jiwuticay intimating that theit is a Ridge of Hills which runs 
** from Eaft to Weftj thrdiigh the midft of the Iflahd; ahd that 
*** the Rantations on the South Side of the Hills have, froni 
** Novmier to April, a cbntlnual Summer, whilft thofe on th6 
** North Side have as conftarit a Winter^ and the contrary froni 
** April to November, 

*' From thefe and fuch like Accounts it fecms e^idehti that d 
** bare lefTening of the Almbfphcre's Gravity will not occaApii 
** Rain, but that there is aUb needful either a fudden Change of 
** Winds, or a Ridge of Hills to meet the Current of the Air and 
** Vapours^ whereby the Particles of the Vapours are driven to- 
*' gether> and fo fall down iii Drops of JRain. and henc^ it ii^ 
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It is generally thought. That if the Vapours 
in their Dcfcent pafs through a Region of Air 
fufficiently cold, they are there frozen into. 

Icicles, 

•« tliat whslft the Wind blows from the Noitb-eaft, ^vm. from 
«< Kovmber to April (fee the Accoont of the Monfoons in the 
foregping DiiXeitatioD) " there are continoal Rains in the 
<* northerly Plantations oiyamaica^ and on the Side of Coromamr 
** del in the Eaft-Indies^ becaoTe the Winds beat agai«ft that Side 
«* of the Hills ; and fo there is fair Weather on the other &de 
«« of thefe Hills, in Malabar and in the foathcm Plantations of 
*• Jamaica^ there being no Winds to drive the Vapours toge- 
«« thcr. But in the foutherly Monfoons, w«. from Afril to No^ 
** vemher, Malabar and the foutherly Plantations of Jamaica 
** hav^ Floods of Rain, the Wind beating againft that.Side of 
« the Hills, whilft in CoromanJil^ and the other Side oiJamMMy 
'< there b fcdr and clear Weather* 

*• This ferves alfo to dear the Singularity of Seafint in Perm^ 
f< beyond any other Parts of the E^h, and feems to be afl^ed 
*« by Jcojia as the Cauie of it. Peru runs along from the Line 
** Southwards about a thodand Leagues* It is iaid to be divided 
*• into three Parts, long and narrow, which they call Lamos^ 
^* Sierrasy and Andes ; the Lanoj, or Piking, ruA ^long the South* 
«♦ Sea Coaft ; the Sierras are all Hills witb fome Yallies ; and 
^* the Andes ftecp and craggy Mountains. The I^nos have Ibmc 
*' ten Leagues in Breadth, in ibme Parts leis, and in fome more ; 
*' the Sierras contain fome twenty Leagues in Breadth, the Aades 
** as much,^fbmetimes more,Tometimes lefs 5 they run in Length 
*< from North to South, and in Breadth from Eaft to Weft. This 
«* Part of the World is laid to have thefe remarkable Things : 
" I . All along the Coaft, in the La»os, it blows continually with 
<* one only Wind, which is South and South-weft, contrary to 
" that which ufually blows under the torrid Zone. 2. It never 
*« rains, thunders, fnows, or hails in all this Coaft, or honor f 
*' though there falls fometimes a finall Dew. 3. Upon the 
** Andes it rains almoft continually, though it be fometimet 
•* more dear than other. 4. In the Sierras^ which lie be* 
** tween both Extreams, it rains from September to Aprils but 
«* in the other Seafons it is more clear, which is when the Sun 
«* is fartheft off, and the contrary wlien it is neareft. Now 
** the Reafon of all feems to be this ; The eaftern Breeds, 
<« which blow conftantly under the hinet. being ftoppM in their 
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Ickks and form Snow. But this Opinion feems 
to be falfc; becaufe it frequently fnows when 
the Barometer is high, at which Time the Va- 
pours cannot begin to fall. It is therefore more 
probable, that they are firft frozen into Icicles, 
and by that means fhooting forth into feveral 
Points every Way from the Center (agreeably 
to the Nature of Freezing) lofe their Form j 
and fo becoming fpecifically heavier than Air 
fall down, and in their Paflage, feveral being 
congealed together, form Fleeces of Snow -f-. 

Hail is evidently no other than Drops of 
Rain congealed into Ice. This happens, when 
in their PafJage through the inferior Air, they 




Courfe by the Sierras and Andes, and yet the fame Breezes 
being to be found in the Sonth Sea beyond Peru, as appears 
by the eafy Voyages from Peru to the Philippines, a Current 
of Wind blows from the South on the Plains of Peru, to fupv 
*' ply the eaftcm Breeze on the South Seas, and there being but 
<* one conftant Gsde on thefe Plains, and no contrary Winds as 
** Hills for it to beat upon, this feems to be the Reafon why the 
'* Vapours are never or very feldom driven into Rain. And 
** the Andes being as high perhaps in many Places as the Va- 
** pours afcend in the hij?heli; Degree of the Atmofphere's Gra«f 
** vity, this may probably be the Reafon. why the eaftern ' 
<^ Breeze, beating confiantly againfl thefe Hills, occafions Raiii 
upon them at all Seaions of the Year.' And the Sierrashtmg 
it feems lower than the Andes, therefore from September to 
^ April, when the Sun is neareft, and fo the Atmofpher^'s 
<' Gravity lefs, and the Vapours lower^ they are driven againft 
« the 5«rr/w into Rain." 

The like is to be faid of othfer Countries. They are all, cateris , 

parihusi more or lefs rainy, as they are more or lefs mountainous. 

JEgypt, which is quite without Mountains, has feldom or 

never any Rain ; but is plentifully watered by the Nile, which 

yearly rifes above its Banks, and overflows the Country. 

f See a Difcourfe on the Nature of Snow^ Philofophiod 
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meet with nitrous Particles, which arc known 
to contribute greatly to Freezing, Their 
Magnitude is owing to a frefli Acceffion of 
Matter, as they pais along. Hence we fee the 
Reafon why Hail is fo frequent in Summer, 
becaufe at that Time greater Quantities of Nitre 
^re exhaled from the Earth, and float up and 
(lown in the Air. 

If the Vapours, after they are exhaled from 
off the Waters, do not rife very high in the 
Atmofphere, but hover near the Surface of the 
Earth, they then conftitute what we call a 
Fog, And, if they afcend higher, they ftill 
appear in the feme Form to thofe, who, being 
upon the Tops or Sides of Mountains, are a^ 
^n equal Height with theqi ; though to thofe, 
who are below, they appear as Clouds. 

If they fall to the Earth, without uniting^ 
into Drops large enough to be called Rain, 
^hey ^re Uien (aid tq fell in Pew. 

Sec farther on this Subjed, BerhamH Phyf. 
Theolog. Book I. Chap. 3 , and Book IL 
phap, ^, Spedlacle dc la Nature, Dialog. 21, 
and 2 3 . Nieuwentyt Contempl. 19. Clare' ^ 
Motion of Fluids, Regnqulty Vol. III. Con- 
verfat, 7. Muffcbenbroek E^pitom. Phyf. Ma- 
themat. Par. U' Cap, 24. Melchiof^ Verdrie\ 
Phytic^ Pars fpecial. Cap. V. §. 8. And the 
Authors referred to in Mn JobnforC^ Queftione^ 
Philofoph, Cap. lY, Qjiaeft, 7, 
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DISSERTATION VH. 

Of the Caufes of Sunder and Lighte- 
ning^ and of the Aurora Borealis* 

•npTHOSE Philofophers, who maintain that 
' \^ Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
plained in the foregoing Diflertation) account 
for the Pbanomena of Thunder and Lightning, 
in the following Manner, They fuppofe, that 
from the Particles of Sulphur, Nitre, and other 
combuftible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
of the Atmofphere, together with the afcend-^ 
ing Vapours, is formed an inflammable Sub- 
ftance ; which, when a fufficient Quantity of 
^ery Particles i? feparated from the Vapour by 
the Collifion of two ' Clouds, or otherwife, 
takes Fire, and fhoots out into a Train of 
Light, greater or lefs, according to the Strength 
?ind Quantity of the Materials, 

The Opinion is falfe for the Reafons men- 
^oned in the foregoing Diflertation, which 
plainly fho w, that it is impoflible the Vapours 
ihould be attended with fuch fiery Particles, 
^s is here fuppof^d. 
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Neither have we Occafion to fty to fuch an 
Hypotbefis 5 for, as Vapours exhaled from the 
Surface of the Water are ' carried up into the 
Atmofphere : in like Manner, the Effluvia 
of folid Bodies are continually afcending thir 
ther : Now we find by Experiment, that there 
are feveral inilammable Bodies, which, being 
mixed together in due Proportion, will kindle 
into Flame by Fermentation alone, * without 
the Help of any fiery Particles ^f-. When there- 
fore 
• 

* Sec the Theory of Fermentation explained in the follow- 
jRg Difiertation. 

f Monfieiir Lemery haVing covered up in the Earth about 
fifty Pounds of a Mixture compofed of eqaal Parts of Solphufy 
»ic FiliAgs of Iron tempered With Water ; after eight or nine 
Hoars Time, the Earth, where it was laid, vomited up Flames* 
Hift. de TAcad. 1700. p. 574. 

Prom this Experiment we fee the true Caufe of the Fire ot 
JEtna and Vefmiiusy and other burning Mountains. They pro- 
bably are Mountains of Sulphur, and lome other Matter proper 
to ferment with it, and take Fire. From like Caufes proceeds 
the Heat of Bath-waters, and other hot Springs. 

Mix a fmall Quantity of Gun-Powder with 0^1 of Qoves, poui^ 
gently upon this Mixture, two or three times as much Spirit of 
Nitre, and you will obferve a bright TnAanrniation fiiddenly 
arifing from it. A Mixture of the two Fluids alone will take Fire i 
t|ie Powder is added only to augment the Inflammation. 

Take two Pounds of Nitre, or refined Salt Pctre well dried and 
iffcduced to the fincft Powder, with a Pound of Oyl of common 
Vitriol : From this Mixture may be drawn by Diftillation a Spirit 
of Nitre capable of inflaming Oyl of Turpentine. Mem, d^ 
TAcad. 1726, p. 97, fefr. Put into a Glafs an Ounce of this 
Spirit of Nitre, with an Ounce of Oyl of Vitriol ; pour upon itsn 
equal Quantity of Oyl of Turpentine, and a very fine Flatnewitl 
ariie fiiddenly with a great Explofion, When the Liquors arc 
frefh the EfFedl is much greater. If we mbi a Dram of theSbixifc 
of Nitre and three of Oyl of Turpentine, with only one of the 
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6xc there happens to be a proper IViixture of 
the Effluvia of fuch Bodies floating in the 
Air» they ferment, kindle, and fla(hing like 
Gun-powder, occaiion thofe Eicploiions, and 
Streams (^Fjre^ whkh we call Thunder and 
Lightning* 

As to the particular Species of the Effluvia^ 
^hich compofe this Mixture, thg^t cannot tt^ 
j^ly be determined j they ^e thought to bp 
ichiefly fulphureous and nitrous i fulpburews^ 
becaufe of the fulphureous Smell which Ligh^ 
jRing generally leaves behind it, and of that 
fultry Heat in the Air which is commonly the 
Fore-runner of it : nitrous^ becaufe we don't 
know of any Body fb liable to a fudden aiid 
viqient Explofion, as Nitre is** 

The 

Spirit of Vitriol, the Mixture will take Fire immetHately; If the 
iame Experiment be made with tUb Balm of Mecca^ a fudden 
(lame will ariie, with a Noife like that of the Report of a Gun. 

There axe two celebrated Experiments of this Kind, though 
they do not come up exa6Uy to the preient Purpofe, because 
they will not fucceed, unlefs the Ingredieht3 be firft heated, the 
one of Aurum fulminans^ and the other of 'Bul'vis fulmnans^ 
The fifft is a Mixture of Salt of Tartar, and Gold diffolvcd by 
A^ua l^gia, A fmall Quantity of this, if put into a Brafe Spoon» 
and heated with the Flame of a Candle, caufe« a fudden Noife 
refembling that of Thunder j and goes off with great Violence, 
The other is a Mixture of three Parts of Kitie, two of Sdt of 
Tartar, and one of Sulphur. This Mixture when fet upon the 
Fire, and wanned to a certain Degree, is diffipated all on afu(i-> 
den with great Thundering, like the Aurum fulmznans. 

See an Account of E^hajiations taking Fire of their own 
Accord in Coal-Pits. Power's Experiioeatal Fhilofophy, p. 62, 
and i8x. 

♦ Dr. Ljjftr is of Opinion, That the Matter both of Thunder 
find pghtning, and sdfo of Earthquakes, .is the Effluvia of the 
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The Effcfts of Thunder and Lightning are 
^wing to the fudden and violent Agitation the 
Air is jmt into thereby, together with the 
Force of the Explofion * ; and not to Thun-^ 
derbolts &lling from the Clouds^ as fuppofed 
by the Vulg?ir ^f-. 
• 

Pyritti i as he ^oesf that the MaUef of Vidcano^^ is the Pyrim 
itfelfl This is a Mineral that emits copious Exhalations, and is 
fexccfe'dinrfy apt to take Fire upon the Admiffion of Moiftuf& 
See the DoflorV. Defence of his Notion in die Philoibphlbl 
Tranfaftionsi N<^. 157. He thinks this may be the Reafon whjr 
Xngland is fo little troubled with Earthquakes, and Italy, and 
almoil all Places round the MediterraneaTi Sea, (b vety ^ucft, 
*vix. becaufe the Pyrites are rarely foUnd in EngUtndi and 
where they are, they lie very thin, in Comparilbn of what they 
da in thofe Countries : as the vafi: Quantity bf Sulphur^ emitted 
from the burning Mountaihs there, feems to fiiew. 

* Lightning is faid to have diffolved Silver^ without burning 
the Purfe it was in ; and to have hidted the Sword, without 
touching the Scabbard, and the like. The Occa£on of this 
may poffibly be, that the Matter of the Exhalation may be (6 
iiibtle and penetrating, that, as we fee it happens with ^^«tt 
fortisy or nfolatile Salts, it may pais through loft Bodies with- 
out altering their Texture, while it ipends it whole Force oa 
hard ones, in which it finds the greater Reiiftance*^ 

f Some are inclined to thinks that Thunderbolts are arti^ 
ficial, ^nd that they were applied by the Ancients to fome U&* 
What confirms them in their Opinion, is, that they are found 
more frequently where Sepulchres have been^ than in other 
Places. And, as it was the Cuftom of the Ancients to have 
their Arms buried with their Afhes^ they think tjiey might be 
of fome Ufe in War. Some are of Opinion, they were ufed in 
Sad-iiices. See Melcbior VerdriiB Phyfic. Pars fpecial Cap. Vi 
4. 9. fFedelius Exerdt. Med. PhiloL Cont. IL Dec. I. p. 103. 
JSclffmnckiusTroL M&rpverg, Differtat. deUmis Sepulchralibus, 
& Armis Lapideis, A. 17^(4. Herman Nunningius Sepqlchrel. 
WeilphaL Mimigard* Gentil. p. 44. Jq^ Henr. Cobarfen 
Offileg. Hiflor. Phyfic. p. 44. 
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The Diilance the Thunder is from us, may 
nearly be cftimated by the Interval of Time 
between our feeing the Lightning, and hearing 
the Thundcfv For, as the Motion of Light is 
h very quick^ that the Time it takes up, in 
coming to us from the Cloudy is not percep- 
tible } and as that of Sound is about a thou-^ 
.fend Feet in a Second i allowing a thoufand 
iFeet for every Second, that paffes between out 
feeing the one, and hearing the other j we 
have the piftance of the Cloud, pretty nearly^ 
from whence the Thunder comes* 

We fometimcs fee FlajQbes of Lightnings 
though the Sky be clear and free from Clouds ; 
in this Cafe they proceed from Clouds, that 
lie immediately below our HorizoUi 

Of Affinity with the Pbanomena of Light^ 
ning ^e thofe of the Aurora BoreaUsy or N^-^ 
tbern Lights ^ which, of late Years^ have verjT 
frequently appeared in our Climate *• Theie 
Lights differ fo much from each othef , that td 
give a Defcription of one alone^ would not be 

* n^tmrntna of this Kind are reported to have been verf 
frequent in Grttnlandy tcelandy and Nor^ity^ Countries near 
the Pole. The only ones, that are upon Record^ as having 
appeared in Englantly before that of Mfrcb the 6th, 1 7^ j, 9xe 
thofe o^ January the 30th, 1560, OBbler the 7th, 1564, Vo^ 
wemher 1 4th and 1 5th, 1 574, and a fmall one feen near London 
oja thc9thof ^«^j^, 17081 On JVew«»&r the i6th, 1707, a 
finall one appeared in Ireland, Since that <rf March the 6th^ 
1 7f^, they have been> and dill continue very commoa. 

U fuffici- 
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fofficicnt to acquaint the Reader with all the 
Circumftances wherewith thiey are attended^ 
1 fhall therefore colle<5l together fuch Phano-* 
mena^ as have been moft generally obferved, 
and reduce them to the ten following Propofi- 
tions, adding in the Notes, by Way of ^peci^ 
meriy a full Account of that moft remarkable 
Aurora y which was fecn March the 6th lyiiy 
as it was laid before the Royal Society by Dr. 
Halleyy at their Requeft -f-^ 

The 


+ *' On Tmfdsi^ the 6th of March^ in the Year 1716 (the Af- 
*' ternoon having been very fcrene and calm, and fomewhat 
** warmer than ordinary) about the Time it began to grow dark 
" (much about feven of the Clock) not only in London^ but in 
•* aft Parts ot England^ where the Begi;ining of this wonderful 
** Sight was feen ; .out of what feemed a duiky Cloud, in the 
** North-eaft Parts of the Horizon, and fcarce ten Degrees high, 
<< the Edges whereof were tinged with a reddifh Yellow, like as 
'< if the Moon had been hid behind it, there arofe very long 
<< kminous Rays, or Streaks perpendicular to the Horizon, fome 
*« of which feemed nearly to afcend to the Zenith. Prefently af- 
•* ter, that reddifti Cloud was fwiftly propagated along the 
•* northern Horizon into the North-weft, and ftiM farther wefter- 
*^ \y } and immediately fent forth its Rays from all Parts, now 
** here, now there, they obferving no Rule or Order in their ri- 
•* fing. Many of thofe Rays, feeming to concur near the Zenith f 
•« formed there a Corona, or Image, which drew the Attentioa 
V of all Speftators. Some likened it to that Reprefentation of 
** Glory, wherewith our Painters in Churches furround the Hol)^ 
*' Name of God. Others to thofe radiating Stars, wherewith 
*f the Breafts of Knights of the Order of the Garter are adorned^ 
*< Many compared it to the Conca^ve of the great Cupola of St. 
«« Paurs Church, diflinguiihcd with Streaks alternately light and 
«« obfcure, and having in the Middle a Sp-ece lefs bright than the 
<« reft, refembling the Lanthom. Whilft others, to exprefs as 
<* well the Motion as Figure thereof, would have it to be like the 
<' Flame in an Oven^ reverberated and rolling againft the arched 
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The moft general Pbanomena of an Aurora 
Borealis are thefe that follow. 
, I. In the northern Parts of the Honzony 
there is conunonly the Appearance of a very 

black 

** Roof thereof : Some thought it likcr to that tremulous Light, 
<« which is caft againft the Cieling by the Beams of the Sun, re*- 
<' fleded from the Surface of the Water in a Bafon^ that*s a h'ttle 
** fhaken. But all agree, that (his Spe^rum laiied only a few 
'* Minutes, and exhibited itfelf varioufly tinged with Colours, 
*« Yellow, Red, and a dujky Green : Nor did it keep in th« 
<* feme' Place ; for when firft it began, it appeared a little to the 
" Northwards of the Zenith^ but by Degrees declining towards 
•« the South, the long Stride of Light, which arofe from aU 
** Parts of the Northern Semicircle of the Horizon^ feemed to 
*' meet together, not much above the Head of Caftor, or the 
** northern Tw/zr, and there foon difeppeared, ^ 

** After the firft Impetus of the afcending Vapour was over, 
^ the Corona appeared no more ; but iHll, without any Order> 
** as to Time or Place, or Size, luminous Radii, like the for.- 
** mer, continued to arife perpendicularly, now oftener, and 
** again fcldomer ; now here, now there ; now larger, now 
<* (hortcr. Nor did they proceed as at fii*ft, out of a Cloud, 
•* but oftener would emerge at once out of the pure Sky, which 
•* was more than ordinary fefene and ftill. Noy were they all 
*« of the fame Form* Moft of them feemed to fend in a Point 
•' upwards, like eitft Conei ; others like truncate Cones, or 
** Cylinders, fo much refembling the long Tails of Comets, 
** that at firft Sight, they might well be taKen for fuch. Some 
*^ of thof? Rays would continue vifible for feveral Minutes ^ 
** when other?, and thofe the much greater Part, juft (hewed 
'* themfelves, and died away. Some feemed to have little Mo- 
** tion, and to ftand, as it were, fixed among the Stars, whilft 
** others, with a very perceptible Tranflation, moved from Eaft 
«* to Weft under the Pole, contrary to the Motion of the Hea- 
*' vens 5 by which Means they would fometimes feem to run 

together, and at other Times to fly one another. 

After this Sight had continued about an Hour and a half^ 
" thofe Beams began to rife much fewer in Number, and hot near 
i* io high i and by Degrees, that difiFofed Light, which had illuG 
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t)ktck C1qu4 % b^ H is. eTideoA thitt k is no 
real Ppud^ bec^iife.the fmalleft Stars are vk 
fibie through itr This apparent Cloud is cx- 
iqpdcd ibpictimcs farther towards th© Wcft^ 

than 

** tratcd the northern ParU of the H^mifphcre, feemiBcLto fiib- 
^', fide, and fettling on the Horizoo, formed the Refemblance of 
tf 9 very bright Crepufculum, That this was the State of this Fba-f^ 
** noffientn^ m the firft Hours, is abundantly confirmed by the 
** unanimoiis Confent of fevcral. Fw, by tne Letters we have 
•* received from aliholl all the extreme Parts of the Kingdom^ 
*' therfe is found very little Difference from what ajppeared at 
^* London an4 Oxford i unlefs that in the North of England^ 
f* and in Scotland, the Light feemed fomewh^t ftronger and 
^* brighter, / . 

• " Hitherto I have related the Obfervations of others i as tci 
5* myfclf,. I h^d no Notice of this Matter, till about nhie of the 
** Qock : I immediately perceived toward the South and Sooth* 
<• weft Quarter, thaf though the Sky was clear, yet it wa$ tiDge4 
^' with ^ ftrange Sort of Light a fo that the i&aller Stars wero 
^* fcarce to be feen, and much as it is when the Moon of four 
*^ Days old appears after Twilight. I perceived at the fame 
<^ Time a very thin Vapour to pafs before as, which arofe from 
the precife Eafl Part of the Horizon, afcending obliquely, Co 
as to leave the Zenith about fifteen or twenty Degrees to the 
Northward. But the Swiftnefs, wherewith it proceeded, wa« 
'*' fcarce to be believed, feeming xtot inferior to that of Light- 
**' ning; and exhibiting, as it paifed on, a Sort of momentaaeous 
** Nubecula, which dilcover*a itfelf by a very diluted and fein^^ 
•* Whitcnefs ; and was no fooner formed, but before the Eye* 
«' could well take it, it was gone^ and left no Signs behind it. 
V Nor was this a finde Appearance j but for feyeral Minutes^ 
♦' about fix Or feven Times m a Minute, the £^ne- wasiLgain and 
1< again repeated ; thefe Waves of Vapour regulary fucceeding 
•* one another, and at Intervals very nearly equal i all of them^ 
** in their Afcent producmg a like tranficnt Nnhtcula. 

♦* By this Particular we were firH aflbred ; that the Vnpoor we 
f * 'faw, became conspicuous by its own proper Lights without the. 
^ Help of the Sun's Beams ; for thefe NuSttula did not difcover 
^^ themfeiva in any other Fart of their PafiTage^ but only between 
S ^e l^trtjbi-ea^^d goutb^^ \yhq« feeing owpo^tcf to the Son,; 
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than to die B^ i fdmfetimes £uther towuda 
the Baft, dian to itit W^H ; andgenentliy takes 
tm a Quarter of t^ Horizon, inore or ki^ 

2. The 

^' they were deepefl immerred in the Coiae of the Earth* $ Shsi<r 
^* dow; nor were tjiey vifible before or aftfcr. Whereas th^ 
** contrary muft have happened, had they borrowed theic 
f ' Light from the Sun^ 

** On the weftcm Side pf the northern Horizon, «u/«, between ' 
<« Weft and North-weft, not much paft ten of the Clock, Iob» 
♦* ferved the Reprefentation of a very bright Twilight, con* 
<* ti^us to the Horizon, out of which arole vtiy long Beams 
^' ofLight, not exa^y ere6l towards the Ferttx, but fomethiw 
^< dedming towards the South ; which, afc^ding l^ a qui(S 
** and undulating Motion to a conflderable Height, vaniihed in 
^* a little Time 1 whilft others, though at uncertain Intervals, 
** fapplied their Place. But at the fame Time, through all the 
^* reft of the northern Horizon, nnz. irom the North-weft to 
^ the true £aft, there did not appear any Sign of Light to arifo 
^* from, or join to, the Horizmt ; but what appeared to be an 
^* exceeding black and difinal Cloud, feemed to hang over all 
f ^ that Part of it. Yet was it no Cloud, but only the ferene Sky, 
^ more than ordinary pure and limpid, fo that the bright Start 
f ' flione clearly in it, and particularly Canuda Cygniy thaii very 
f < low in the North : the great Blacknefs manifeftly proceeding 
** from the Neighbourho<M of the Light, which was colleAed 
<< above it. For the Light had now put on a Form quite diSerent 
** fmn all that we have been def^^bing, and had faihioned it&lf 
** into the Shape of two Zamintt, or Streaks, lying in a Poiitioa 
f * pandlel to the Horizon^ whofe Edges were but Ul terminated, 
^ They extended themfelves from the North by Baft to the 
^' North-eaft, and were each about a Degree broad ; the un« 
^< dermoft about eight or nine Degrees high, and the other about 
•' four or five Degrees over it j thefe kept their Places for a long 
^' Time, and made the Sky fo light, that I believe a Man might 
^ tzily have read an ordinary Print by the Help thereof. 

^ Whilft I was viewing this furprimig Light, and expeAing 
^* what was &rther to come, the northern End of the upper Lm^ 
^*. mimm by degrees bent downwards, and at length dofed with 

^* the &id ofthe other that was under it, ib as to ihntiq;) on the 
1* l^rth Side an intermediate S|>ace, which ftill con t i m icd emu 
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1* TIjc ttppec Edge of this Cloud (which 
h fometkncs Hvithia^ Icfk than fix Degrees of 
tkeHoris5on» dod fometime^ forty or fifty above 

it) 


*' tt> the Eaft. Not long after tliis, la the fald included Space, I 
" &w a great Namber of fmall Columns, or whitifh Streaks, to 
9' appear fuddenly erefi to the Hori3K)n, ttad reaching from th^ 
" one Lamina to the other ; which inllantly difappearing, werp 
" too quick for the Eye, fo that I could not judge, whether they 
•* arofe from the upder, or fell from the uppers by their fudden 
^ AltefationSy they made fuqh an Appearance, as might well 
** enoii^ be taken tp referable the Confli^ of Men in Battle. 

*' And niuch about the fajneTime^ there began on a fudden to 
•* appear, low under the Pole, and very near due North, three or 
<* four lucid Jreas, like Clouds, difcovering themfclvcs in the 
pore but very black Sky, by their yelIowi(h Light. Thefe, as 
they broke out at once, fo after they had continued a few Mi- 
nutes, di&f^ared as quick, as if a Curtain had been drawn 
** over them : Nor were they of any determined Figure, but 
** both in Shape and Size might properly be compared to fmall 
Clouds illuminated by the full Moon, but brighter. 
** Not long after this, from above the forefaid two Lamifnt, 
there arofe a very great Pyramidal Figure, like a Spear, fharp 
at the Top, whofe Sides were inclinea to each other, with an 
Angle of about four or five Degrees, and which feemed to 
•* reach up to the Zenith, or beyond it. This was carried with 
** an equable, and not very flow Motion, frpm the i^orth- 
eafl where it arofe, into the North-weft, where it difappeared, 
iUll keeping in a perpendicular Situation, or very near it j 
and paJFmg fucceffively over all the Stars of the little Bear, 
^* did not ef^ce the fmaller ones in the Tail, which are of the 
'* fifth Magnitude ; fuch was the extream Rariety, and Perfpi- 
•* cidty of the Matter whereof it confiiled. 

" This fmgle Beam was very rcnjarkable for Us Height above 
*' all thofe, that, for a great while before, had preceeded it, 
«* or that followtti it. 

<* It being now paft eleven of the Clock, and nothing new of- 
•* fering itfelf to our View, but repeated Phafes of the fenie 
** Spe£&cle ; I obferved, that the two Lamina, or Streaks, 
** parallel to the Horimn, had now wholly diiappeared ; and 
f^ the whole Spetede redoceditfdf to the Refemblance of a very 
* \\ bngKt 
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it) is generally tcrniHiatedwitii. a very kcid 
Arch, from one to four or fire Degfees'btx:>ad^ 
wliofc Center is below the Horieon^ ^Sddie 

times 

** bright Crfpu/cu/um fetting on the NOithem Horiz^y fo As t0 
•* be brightcft and higheft under the Pole itfelf ,* from whence it 
fpread both Ways into' the North-caft ^nd North-wcfr* Uh;^ 
der this, in the Middle thereof, there appeared a very black 
Space, as it were the Segment bf a leffer Circle of the Sphere 
cut off by the Hbrizon, It feemed to the Eye like a dafk 
Cloud, but was hot To ; for by the Tclefcope the fmall Stars 
appeared through it more* clearly than ufual, confidering 
how low they were : And upon this as a Bafis, our Lumen 
Aurortforme refted, which was no other than a Segment of a 
Ring, or Zone of the Sphere, intercepted between two pa- 
•' rallel leffer Circles, cut off likewife bv the Horifcon ; or the 
** Segment Of a very broad /m, but of one uniform Colomv 
*• *vix, 2l Fliame-Golour inclining to Yellow, the Center thereof 
•' being about forty Degrees below the Horizon, And above 
*• this there were feen fome Rudiments Of a much larger Seg- 
** ment, with an Interval of Sky between, but this was fo ex- 
** ceeding feint and uncertain, that I could make no proper 
•* Eftimate thereof. 

I attended this Phenomenon till near three in the Morning, 
and the Riling of the Moon : But for above two Hours toge- 
ther it had no Manner of Change in its Appearance, nor Di- 
** minution, nor Increafe of Light j only fometimes, fdr veiy' 
** fliort Intervals, as if new Fewel had been Caft on a Fire, the 
Light feemed tO Undulate aftd fpaiide n6t unlike the riling of 
a vaporous Smoak out of a great Bla2e when agitated. But 
one Thing I affured nlyfelf of, that the /r//-like Figure did by 
no means owe its Origin to the Sun*s Beams : For that abQ at 
three in the Morning, the Sun being in the Middle between 
** the North and Eaft, our Aurora had not followed him, but 
*• ended in that very Point where he then was : Whereas in the 
** true North, which the Sun had long paffed, the Light rc- 
** mained unchanged, and in its fiill Luftre.'* 

Appearances of this Kind have been taken Notice of both by 
Piinyy Seneca, and ArtJhtUi the laft of which calls the vibrating 
Light near the Zenith^ ^aKoi ; the more fteady perpendicular 
Streams, ^oKiii and th^ Aurora itfelf, from the apparent dark 
Clpi^d juft below it, X^&r ^a. That Aurora whkh was Obferved 
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tiines there are two or more of tfaefe Arches^ 
one above another. In feme^ the Cloud is hot 
tenninated by an Arcfa^ but By a long bright 

Streak 

hy Monfieor Gqffin£ m Pr^nftneg^ on the 21ft ef SiftmUr, m 
the Year i6zi> was very remarkabk^ at that Time. 
' He tell as, that about the End of Twili^t in the Evenings 
when the Sky was very dear, and there was no Moon, theie 
appeared in the North a Sort of a riiing Mom, wliich afcoid- 
big by Degrees, became intermingled with certain Streaky as 
it were, or Rays perpendicular to the Horizon t And that at the 
fame Ttme there appeared fome (xoaMpafinv whltifli Qoada 
between the South and the Place of the Son's totting in Winter! 
ftnd that in the Place where the Sun fets in Sunmier, a bright 
^ednefs ieemed to arife in the Form of a Pyrmmd^ which 
moved towards the fetting of the. Sun at the Efmn^x ; and 
ivhich was diffinguifhed into three feveral Pyramids^ which in 
a little Time were confounded one with another, andatlaft 
difappeared. When this Rednefs ceafed* the northen Whifieoda 
was rifen forty Degrees and more, that is, about the Altitude oif 
the Pole-Star, forming itfelf into an Arch, and taking up near 
fixty Degree of the Horitcon» After this, certain Cbevrons, or 
Column) of Rays, fome whiter, and fome a little darker, b^^ 
more plainly to be diflinguifhed, of about two De«-ees in 
Breadth, and perpendicularly poiited ; fo that all that Part ap« * 
peared as it were fluted. The whole Circmnfmnce imme^ 
diately appeared fcaUoped ; and then fome of thofe Columni 
which were in the Middle, and that were the whitefl, began at 
it were to leave their Places with great Impetuofity, and m left 
than a Quarter of a Minute, raifed themfelves almoft to the 
Top, putting on the Form olPynmiisy which they would re- 
tain four or £ve Minutes. It was about nine of the Clocks 
when the Arch of Whitenefs began to decreafe or (ink ; at 
which Time certain very white Streams of Smoke began t» 
liTue out from the Colunms which were remaining under the 
Pyramids, and darting upwards with very great Rapidity 
through the Pyramids^ like Javelins, vaniihed immediately 
when they came to the Tops of them. . This Spedade lalbd 
about an Hour; after which the Whitenefs funk down to 
about fix Degrees of the Hmmu. Fidi Jbnge A Qaffindi^ 
Tott.V.P,A4C, 
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Streak of Light, lying parallel to the Sbri^on. 
The Limb of this luminous Arch, or parallel 
Streak is not always even and regular, biit 
finks lower in foriie Parts, than in others.' . 

3. Out of this Arch proceed ^treanis 6f 
Light^. generally perpcndicctlaf to the fior/- 
.zon^ but iometimes a little inclined' tW. it. 

' Mofl of them feem to end in a F^oint, like 
Pyramids or Cones ; and often very much t6^ 
fcmble the Tails of Comets. Sot^etrmes thdije 
. is no luminous Arch, nor Streak of Light; 
and then the Streams feem to iflue btit ffom 
behind the dark Cloud, being diftin£t from 
each other at their Bafes. 

4. The upper finds of the Streams inceflant- 
.ly appear and vanirti again, as quick as if a 

Curtain were drawn backwards and forwards 
before them ; which fometimes caufes fiich a 
iceming trcnibling in the Air, thdt you Would 

T\mPban9menon appeared not only t6 Gajj}ndi in Provence, 
but was Icen at Rac^^ry diftahf fr6m tkenc?^ as TqIoJ?,^ Mon- 
taubon^ Mounkau^^ Qrenobh, Dijim* F^ris^ . and Roan^ , Sec! 
and at moft other Plj^res in France, and the neighbouring 
Countries, that lie to the Northw'irds of Pronfence, unlcfa where 
it was intercepitCdl>yjClo9d9:i bat no wjkere in fueh as iie at 
any great Dif^nce to the Sputhwards of it. 
JVlonfieur GaffencU is thought to have given tfte Name of 

* Jikrera Boreatif to this PhanomeMti,^ but. t)iis is obfcryed, by 
Monfieur Mairan^ to be a Millake. See Mr, Mairan% Phy- 

. Seal and HifloricalTrcatife of. the Aurora BoreaUs^ in the 
Mepufire: Je P Acfictemie RoyaU Hes Sciences, Annie 17^1. or an 

' AbftraaofitijjPhilbfoph. Txataiaa- N°;43i. 
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imagine the upper Part of the Heavens to be, 
as it Vere, in Corivulfions *• 

5. They fometimes feem to vcittx. in the;^^- 
nith^ or more comifaonly to the Southward df 
it, about ten Dejgrees, more 6r lefs (fditietihies 
they deviate a little to the South-eaft of the 
Meridian^ and fometimes to theSbuth-weft) ; 
and. there curling round, in fome^eafuVe, irhi- 

. tatc Flame confined under ah Arch \ aiid being 
frequently tinged with various Orders of Co- 
lours, exhibit a moft beautiful Appearance, fe- 
fembling a Canopy finely painted *f-, 6f about 
ten or tv^renty Degrees in Breadthl 

In many Aurora' ^y there are Streams afeend- 
ing firom thofe Parts of the Hda;vens, vo^hicli lie 
fevcral Degrees to the South war^ds dfihe Cano- 
py J and in fome, they appear to arile, thougjh 
very rarely> almoft as large, arid Numerous 
from the fouthern, as fron> the northern Parts 
of the Horizon. 

6. The Height of the Jbirora Borealis is 
very great; for that of March the fiith iy\% 
was vifible from the Weft Side ot Ireland^ to 
the Confines of RuJJia and BoUmd on the 
Eaft, and perhaps farther y extending at leaft 
over thirty Degrees of fjongitude^ and in t*a- 

♦ See their Motions well defcribed'in the Account we have 
of an Aurora in the Philofoph. Tranfaft. N<*. 395. Art. 2. 

f See the various Colours of the Canopy, as weH as thofer of 
an Aurora itfdf, accurately defcribed by^r. G^ittrwovd, ia 
Philofoph. Tnmfaa. N^ 418. Art. »• 

titttde 
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titude frpm about the fiftieth Degree over al- 
moft all the North of Buropey and at all Places, 
exhibiting, nearly at the fame Time, the feme 
Appearances. 

y. Thefe Appearances have always been 
very frequent (as -far as the Accounts we have 
of them inform us) in Countries that He in, or 
near the frigid Zone^ but very rare in thofe 
of our Latitude ; they are now become very 
frequent; with us, but always feem to proceed 
from the North ; arid are as yet unknown tp 
the Inhabitants of the more fouthern Parts of 
our Hemifphfre. Whether they are feen to 
thofe, who inhabit in, of near the other frigid 
ZonCy is to us unknown. * 

8. In ibme, there are Trains of Light run^ 
ning horizontally, fometinies from the Middle 
to the Extremes, and fometimes from one Ex» 
treme to the other. And fi-pm thefe Trains 
often arife Streams perpendicular to the Hori-^ 
zon, and accompanying them as they pafs 
al6ng. 

9. When all the Streaming is over, the Au- 
rora Borealis commonly degenerates into a 
bright Twilight in the North, and there gra-^ 
dually dies away. 

I o. It is probable, that thefe Pbanomena 
often happen in cloudy Nights, though we arc? 
not fcniible of them; for 'tis pbfervable, that 
in ftich Nightjj, there is frequently more Light 
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than what < ufiially proceeds from . the Stars 

The.aaoft obvious Solution of the Mirord 
]§ore^Hsy or at lca& what would appear fo,. 
tp fuuh ^s have only attended to the. Circum- 
ftancf s q£ fpme particular ones, and .whiqh has 
apcprdingly been affixed by feveral * to f heir 
Accc^nt? of the AurorjcH^ thiey have i^txi, is 
that it. is ^ tjiin Nitro-fulphureous Vapour^ 
raifed in pur Atmofphere confiderably higher 
than the Clouds ; that this Vapour by Fer- 
pient^tfon tajccs Fife,, and tHe Explofion of 
one Portion of it kindling the next, the 
Flafhes fucceed one another, till the whole 
Quantity of Vapour within their |leach is fet 
on Fire, 

'^ * Profeffor Q/^x, at the End of Ris Dcfcription of a P^^ko- 
^mnon of this Kind, ihferted in the Philofopnical Tranfa£liODs 
N?.' 365, obferyes, that fuppofing a Fund of Vapour^or Exha» 
lations at a confiderable Height above us to be dilFufed eyery 
Way into a large and fpacious Plane, parallel to the Horizon^ 
that Fond of mixed Matter by Fermentation .will emit Streams -, 
and that if the Wind be flill, they will afcend perpendicularly 
upwards ; otherwife they will b^ inclined towards tl^at Point 6f 

* the Horizon which is oppofite to that from which \ki^ Wind 
blows ; and that they will appear, by the Rules^of Perfpedli^e, 
la the firft Cafe, to conyerge; to therSpeflatof^s Zenith^ in the 
other, to fome Point not far froni it ; and that if this Fund of 
Vapours i)e fituated more to the North than the South, it w^ 

• produce StreamsofX'ight attended with fucli Circumilances, as 
then appeared : But he does not fay, why the Vapours Oiould 
be fituated 'Father to the North than to tl^ South, or proceed 
(o account for all the Phenomena of the Aurora Bonalis in 
general from thence. . 

Sonie 
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Some have thought/ that Vapours r»cfkd 
exceedingly by fubterraneous Fire, and tinged ^ 
with fulphureous Steams, might from thence 
Be difpofed to fliine in 'the Night, and rifing 
ujp to the Top of the Atmdfphere, or even be- 
yond its Limits (as we find the Vapours of 
Gun-powder, when heated in Facuo^ will fliine 
in the Dark, and afcend to the Top of the 
Receiver, though exhaufted) might produce 
thofe Undulations in the Air, which conftitute 
this Pbanomena. 

Biit' thcfc Hypothefes have been rejeded, as 
infufHcient : it having been thought impofliblc 
to account for all the .Circunaftaflces of the 
^ri?ri by tfiem *. 

• In the Commentanes of the Academy of Sciences at Peters-' 
hurghy I find a late Solution of the Aurora Borealis from Exhala* 
lions fermenting and taking Fire in the Atmofjphere, which the 
Author Or. Mater fays, occafion the Appearance of the lucicL 
Arch in the North, and thinks that the Streams, whicfi feem 
to iffue from thence, are no other than the Light of that Arch 
refle^d to us from' the under Side of fbme thin Clouds, that 
lie above it. As to its appearihg in die North rather than in the 
South, he fupjwfes that may be owing to the Cold of thofe Re- 
gions condennng the Exalations, and thereby rendering them 
moj^e liable to" ferment than they are in the 'fbuthem; but 
acknoTvJedges ingenuoofly, that he has no Reafbnto fuppoie 
this, but its being necef&iy to his Solution. At the End he t^ 
us. That it was knownin ancient Times as well as latdy : B(kt 
omits taking Notice, that it appears much oftner of late Yean 
in our Climate than it ufed to[a9 ; and fo avoids accounting for 
that Particular. Fide Commentar. Aeadem. Scientiar. imperial. 
Petropolitan. Tom. I. p. 351. 
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Dr. Halley therefore la& Rj^courie to the 
magnetic Effluvia of the Earth, which he fyp- 
pofes to perform the fame Kind of Circulation 
with Regard to it, as the Effluvia of any par- 
ticular Terrella ♦ do with refpedt to that, viz* 
that they enter the Earth near the South Pole, 
and pervading its Pores, pafs out again at the 
feme Diftance from the northern : And thinks, 
they may fometinies, by the Concourfe of fc- 
veral Caufcs very rarely coincident, and to iis 
as yet unknown, be capable of producing a 
fmall Degree of Light, either from the greater 
Deniity of the Matter, or 'perh^s &Qm the 
greater Velocity of its.Motion ; after the fame 
Manher, as we fee the Effluvia of Ele^rk 
Bodies emit Light in the Dark. 

Monfieur de Mairan has given us a Phy il- 
eal and Hiftorical Treatife of the Aurora Bo^ 
reaJisy and endeavours to prove that it is owing 
to fihc Zodiacal Lights or the Atmosphere of 
the Sun, fpread on each Side of it along the 
'Zodiac'^ in the form of a Pyratmd. This, he 
fays, is fometimes extended to fuch a Length 
as to reach beyond the Orbit ^f our Earth, and 
then mixing itfelf with our Atmofphere, and 
being of an Heterogenous Nature, produces 

* A round Magnet^ fo called from the Refembhncs it bears 
to the Earth. 


the 
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the* fetcrai Appearances, which arc ob&rved 
in the jiurcra Bvrealss!*. 


t \ 


I have juft mentioned thefe two Solutione^ 
bccaufe they come •from two very ingenious 
Philofophers; though I doubt not but the Rea- 
der will agree with me, that they are much 
too firie*ipun-to hold, and that they are no 
other than the ingeriious -Rw^riVi of Perfons 
detertnitied to frame an Hypothefis at any Rate. 
I qrieftion noti but we may find Materials for 
the Aurora Btrrealh^ without going fo far for 
them, &S thefe Gentlemen have done ; a»d in 
particular that we have no Oecafion to have 
Reccfurfe either to the magnetic Efflwwia of the 
'Earth, or the 'Zddiadal Light, the Nature of 
both which we are wholly unacquainted with. 
IPhc Materials employed in the firft Solution 
(I mean fuch Effluvia as are continually ex- 
haled from the Surfece and B3wels of the 
'feirth) if Tightly confidered, will afford a very 
eaiy and natural one, as I fhall endeavour to 
ihew in the following Manner. . 

-' Fif-ft, we arc- aflured by Experiment, that 
there arc fome 'Steams {as inflammable fulphu- 
Yeous ones) which are capable of fo great a De- 
gree of Expanfion, that they will render them- 
felves lighter than the Air they float in, though 

♦ See his Account at-large, referred to at the End of Note, 
Eage ijy. 

it 
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it4ie.aleB;f,:iS it o^n be moade by Art ; f<»- 

thfiy. wiH rtfe to the .T^op of the Receiver, wKeia 

exhaufted *^ that is when as much Air^ as is 

po0ibie,' 4^ dirawn out ^f- : Such Steams there-^ 

fore or ^Exhalations, rifing out of the E^rdi 

from Minesi Vulcano's, ^c. muft neceflarily 

. be biioyed up {owards. the Top of the Atix^o- 

fphere, fit Jeaft/*till they come to a Region, 

wJh&e^Air^is as rare and expanded, as it 

can be . made by the jiir Pump^ here below. 

This Height dtX5ording,.to Dr. Hdley'% Cona- 

putatipn §, (which Ije founded upon the Air's 

r Elafticity) i§ about forty ^ or fifty Miles : but 

prol^bly it is much greater y for the Air, 

which is higher than Vapours an^d other tl£^ 

terqgeneMSjMdtter that is not elaftici riie to, 

. be^pg much purer than any we jpan make Ex- 

: perimentS; upon, ms^ be indued with a much 

■ greats Degree of Eiafticity, and ^, the At- 

n^fphere may b. confid^aHy higfcri *»n 

wha( he upon that Principle, computes it to 

'b^'- •. . ., . , 

Secondly, Thefe Efflwota being, raued to 

the Top of the Atmo^h^e^ or near it, and 
flpatmg.T:here, will neoeflarily be carried to- 
wards the polar Parts thereof, for the follow- 
ing. Reafons, I. Becaufe the fixperior Current 

* See Phllofoph. Trarrfkft. Y\\ 347 and 360. 

-f* It is impoifible to extrad all the Air out of a Veflely becaufe 
it is by the Spring of the Air Tcinaiiuiig in thf Vdlel, that the 
Valves of the Pump are opened at each Stroke. 

§ Philofoph. Tranfaft. N». ijjj. 

of 




tor] is that Way *." 2.'--We know frbin ^K- 


T^ of % Atmpfpnprc whj«i.cqntii>M^^ 

tqccpW ' necefliw-ily; fe? 'mvM . toward? thf 
Dolarjpa^s thcre^. • ' 'i 

. JhirfOy^, Thgjp £p po|IeM 

ic^ej^^r ^t, or x>eac :qi€ Folg^, '^nd (^ an «v 

nem.Qn^ pilQp^r to pr6ducp,j[ucfi anJSffett, 
and emit Streams of Fire j \^]ji(;I>:^tr9ams w;U 
jiatur^ly ri^upJnt^ flich Pafb of t^f^'A^^^ 
j)li?re'p ,a/e IWT Tighter thp Jjut jwb^rein ^jfef 
Effm)ia re|t, that is> fGrjR(ftly "ii^yvards frpp^ 
Itpe Gentfer of ^lieE^rtJu Bj^t, iccpf^i^^^ t* 

xKty really 3i verge, as 'Radii from a CenW, 
"Will appear jto a fipeftator pft the Surface <^the 
^artii to converge towards t Point : wbidi 
Tairit will r^em t5 be ditefitly oter bis Head^' |f 
theStfearas alcehd in right Lines from the Gev^ 
ter of the Earth t but if they deviate A\V oiip 
5 Way from that; Pire^on, thePpint will be. (^ 


♦ As explained in Diflertatlon V- 

• • • • • ' 
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that Side ^c Zenith towards 'which they iri- 
clinc*. "^ - 

Tb iHuftrate this ; luppofe fevcril Strings 
hting down froni the Ceiling of a Rooni, and a 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the. 
Point, that is bVer the Candle. And, if diey 
are made to incline, fuppofe all one Way,' the 
Pbint of Convergency "Will remove from over 
the Candle, towards that Side of the Room tb 
which the upper Ends of the Strings mcline : 
Now if a Perfon had viewed them from the 
Place where the Candle was, and referred' their 
Places to the Ceiling, they would have feemed 
\o him to have x^onverged towards the Pointy 
where the Shadows did. "^ /!!' 

And if the Streams Ipread themfelves as 
theyarife, but liot too much, they will never- 
thelefs appear tapering towards the upper Ends, 
like Cone& or Pyramids ; juft as the Sides of 

*a long Walk feem to a Perfon that views them 

• ". • • ■ I • ' ' 

• This may be made to appear m the following Marnier ; Let 

. ADB ^^tg» sS.) reprdent the Concanfe oi the Heavens, AB tbe 

Horizon t C the Place of the Spectator, TV a luminous Subflanoe 

'fefiding forth the parallel Streams EG, LM, NO, l^c. Thefe 

•Streams will all feem to converge towards the Point D, if that 

r^ Point be taken fuch, that the Line DC drawn from thence to the 

^Spettator's Eye, be parallel to the Streams. For Inftance, tjje 

Stream EG will feem to rife from / to j-, LM from / to iw, and 

FH from/ to ^, and fo of the reft. And NO will appear whdly 

in D, the Place to which the reft feem to converge. And if the 

Streams are as large, or fomewhat larger at the upper Ends, than 

at. the lower, they will ftill appear leis there^ thofe Ends being 

J £ar4eft from the Spctotor'i Eye. 

from 
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from one End of it, or from a diftaQt \ 



to approach each' other at that which is fartheft 
lirom him. i 

" This being premifed, , we may now account 
for the fey era! Pbanomena of the Aurora Bo^ 
rftf//x before laid down. As/ 

1 . The Blackncfs of the $ky, which gener 
rally appears in the northern Parts of the J9&- 
rizMy like a dark Cloud, is dccafioned by the 
Brightnefs of the luminous Matter of the .Au-r 
rora j ufl above it. That the Sky is dear here, 
is evident (as was observed before), becaufe the 
fmalleft Stars are fcen through it. _ , ' 

2 . The lucid Arch immediately above, is the 
luminous Matter of the Aurora itfelC which 
fometimes exhibits the Appearapce of a'Curye, 
fometimes of a ftrait Line, according to its 
Form and Situation in the Atmofphere, though 
generally dial of a Curve ; For, by the Rules 
diTerfpeSihe^ vjrhen a ftrait Line is diftended 
liorizontaify, and above ^the Spedator's Eye, 
It ought to appear bent into a Curve, whofe 
Ccntd" is below the HorizQti *. Sometimes 
it appears on one Side the North Point, more 

♦ Thus, when a Pcribn ftands fronting a Row of Hoiifes, and 
looks over th/c Top? of theai, if they are all of an eqoal Heigh t, 
th^t Hoiife which i&.neareft hlm> will feem to cut the Heavens in 
a Point that will b^ higher than where it is cut by any of the reil i 
:and the Points where ^e Heavens will feem to be cut by the Tops 
of thoie, which are onthe Right and Left Hand of the Spedator, 
'will defcend' lower and lower/ as the Hqufes are farther off; fo 
ihat tbe pointS| tabpa all together, will reprefent a Curve. ^ 

' y 2 than 


tfe^ oh, Ihfe. other i /opidtirne^ rceukp^ Jpt^?- 
0fh6$ irregular, as the various Circijimtances . 
of l^e Aii'*$ Motion at the Too i£,ihc Afmo?- 

mtrer raiybe, ; . , ; ji. . , .^.. ,v,,v^ 

3, The Strcafe'sof I/Igftti jfl^'iiig^Q«|^^ 6t the 
tgicii^ Arch; .^e Streams ^ of Fire .emitted uiv 
w;ard6 from, tne^ ^^aattcr pj me Aurtr^^ is^ 
te^m, ,for the feWfonsalreaaviaid Sb^^jaV.lo 
cokverfec towards the Zemib' of i^c Speaijor, 
Why they incline, a Ijf ile foiiietimes uon^ fm? 
i^e'rpehdiculaf, will tc; exnldhed/Ur/ttie fira 
Remark, where we account tor the Situation 
of the Candpy. Whenjio luraiiiOHS Ai:ca1|R7 
|6ai:s,,it,is probable; that ; it If ;^t;cr9ept!^^ 1^ 
X\\^ Horizon y or by lh*e v apbiifs whfch "float VQ^ 
jgtekt Qbantififes tfefdia; ... . . ; . _ . ^, ^ ^^-.^ 
• . 4, th^p trembling ob.feryea in |(ie,im^^t 

wherewithj piejF.raflies fuGced,o;ie aiiQther,\adl 
'sJIq to the kregular Af dtioRS ^d'i^rtationVof 

the iupfenpfP^ts of t% A'trb'Qfpfe ^j'^kV 

... . 5- So .lopg- ^s j.the. ji^pinoug 

Aurora is all of it towards tni 

the Streaips pi^not,f6^^ tqfl3i^t,i};^,ii.Ppin*at 

the Top, as sKill appfcar to iialy <<Mie tnat confi- 

iiut after it jias advanced fprwards, or Isecom? 

. jkinjiicd over our Hea'i% thip'tf they Afp^.tb 

'mbet,. ai^d'jf^r^; t|ie.'<?ap^py, alf eaiJy .d^ft c^ } 

^id; when it ha's paffed f\ixth€r ftill,^ they fcem 

to 


f^Mc^miA^fiit^i'mj^kh^ arc ffittch 

^ter.on the foiltfecm than ofe th'e nftrdi^ 
Sid'e, to iodk d§ thfelAain'BlMfj' ot-dieJbihirh 
repiiins oh die nortJi^n Mt of the Cahopy> 
wliicl^ It r^efyi if ever, paifes. IfhfeRe&rbrl 
^Tiy/the Center 6f the C^t^y is^eneitlty i 
few Degrees fe Ae Sc^tidi of the Spe^atdr'i 
^enitb *, is becaufc the lumindt!fs StreSftis, 
i^hich iffue forth fi-6m the ^^fette Parts df the 
S'iih'iiance dfthe Jkrora^ Will flitaraHy diVfii-gft 
a little ffom^the iniifdle orfes j'alid, as thofe 
which aippehr- fd lis, pf 6ce6d chiefly ^tfift ihfe 
Iputherh Side (\Mt ISeing rfea'rdft to tis) ih* 


1* , . * ^ • . ^ o 

war 0id. above about the Ihcliftation of the 
String: imr^/ing iiorfi t.heCdHrig df a Rooln, 
jftBe,^Centcr of the Canopy is fottidtinies t6 
the Eufevi;fa,' a6d fothetimes t& the Wettwafd 
of the Mefiaian, f hat deperids upon the Mo- 
-^iop of .that P. rt of the Air, which is abdve 
fhe Subftance of the Aurora^ ahd'thrbugh 
Vi^hich the-Stf earns pafs, \s they 'rife. This 
jflfe it is that liiakes the Streams ieem td arifc 
XomeHmes a htde .obliquely. 


!. ») 


* 2iccofding io Uiis^TIieoiy, the Center of die Canopy will 

always beneartke^Spe£tator'5'Z«riVi', -\^hcre-ever he ii % ,whioh 

Jf Jjclj^it^is^^he C^e, fol* I have ujet with no Account where 

jt is ptfierwue i £A fo every Spe£^atof fees a different C^opv^ 

j\ift aSi^hen icvfetypeifons arj viewing 'fi Rainbow^ no two 

^I^dionsTec lit itm l^lbpW aftbe &ine Time. See Par( Hi. 

6. The 


.^ 


1 6^ Ofik^ Aurora Bor^kj part Mi 

/ .^..Tfecgreat^Heigbt.of thc^^^fnz ».o^r» 
ing to the exceeding Lightoeis of tj^e Ej^vw^ 
which qonipoie the. Subftaflqc^pC \t (as ex- 
yhm^ pbpve) and the d,arting pi the Streams 
upwards, into Regions perhaps^ ^^f^ above 
the AtmofpheW;^ occafions it to pxhibit at very 
diil^at Places the /ame AjppevaAP^s at the 
lame Time. . . 

. 7. That the Aurora appears near the Pok:^ 
and never at or near the Equator i' is becaufe 
of the Tendency the Matter of it his towards 
.the Poles; as explained above. And that- it 
jam)ears icr Places more diftant from the Pole^ 
than it formerly did, is becaufe the Ejbma^ 
which arc now raifed from the Earth, arc 
prevented from approaching fo near the polar 
Parts of the Atmofohere, as they ufed to do; 
tiiofe Parts .being ahready frodced with oth^s^ 
which were formerly raifed, and arc now 
rowh effete by frequent Feribentations and 
xplofionst u 

8. The borizbntal Trains of Light are the 
Subftanqe of the Aurora juft takinjj , Firfc, 
which runs from one Part to another, as in a 
Train of Gun-powder kindled iii any ont 
Part; and fends up Streams perptodicularfy 
from Places, where it meets widi a gr^er 
Quantity of Matter tlan ordinary.. i 

' 9. When the Matter of the uiurbra is fb ht 
fpcnt, as to emit no mc^e Strciamv it appears 
bnLyds a bright fready Lighi m^tibie ISb 

; V which 


which gradually dies away 5 for Want of frcfh 
Fewel to fupport it. . - / , • 

*io. As £Ke Vapours, of which Cloiias kre 
formed, never rife fo high, as. where the Mat- 
ter of the jiurora BoredKs^ floatg ^ it is not at 
all inconfiftent with the foregoing Theory, if 
4ij8 fonietiniietfiatercepted f^om our Si^hi,; ®r 
-the Interpofitibn of Clouds below. * " . .^ 

. .See farther, on this Subjeflb, ^ri/iotel Meteoiq. 

J^ib. I. Cap, 4,. 5.. ^/rm/VlIfftor. ;Natur^ 

Cap. 26, 27. Senec. Quaeft. Natural' Lil^.J, 

JLycoft* IVo(iUgioriim ac Oilentofum ^roQieon> 

.paflim. JuIiHs Obfequens ^de Prodig;i% -C^ 

13, 43, 88. (%^W/ AoiiB^dverf. \nl>i9g. 

Laert. Lib. Xh jp. U57f : ^Gorfj^Iius Qemma 

..de divinis Nature. Charafterifinis. Nicepbori 

.Hiftor.. Eccleftaft. Lib, XHr Gap. 37.. ^. 

. Hi^aL Hiftqr. Goth. Tom, L p. 65. ; ^ifcdlfr- 

othec. Orientalis.Clemeiitino-y^ticana, Tpm,!* 

p.; 407. Gregor. Tur. paffim. Mem.- xfcjLit. 

dc l*Acad. de^ Infcripticms ;&, Belles L^tiyej, 

, Tom. IV. p. 431* Mifccjtfcm. Berolifi.TQixu\ 

/Fi ^ 3 7* Thcatr . Comet. Stanif, iMbieni^tZy 

p. 264, 348. Mfeai. pourxfcrvk arHifior. de 

France^ Tom. I. p. 168, Mem. de TAcad* 

Royal de Sciences, for almoft each Year -finqe 

1 7 1 6. Philofoph. Tranf, N^ . 3 05, 3 a o, 3 2 o, 

347, 348, 349> 35i> 352. 363> 3^i> 368, 
376, 385^ 395, 398, 399, 402, 410, 418, 
43 1 ; and the Authors tef erred to by Mr. jobn^ 
forit in hisQuaeft. Philofoph. Cap. IV. §.3. 
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y TAving had OcsK^fOO to ttmniicin fooxt fif 
11 the B3«^:<^ Fenneatntibli, \tm!^ji<it 

be amifS) before I put an End to thefe Diilbr- 
•Cations, to add a Miort Accoaht of the Nature 
^it, and to (hew how tho|ei B^[e^s are j^m- 
•ducedby it. ' j 

< Fermentation is a mutual Corhmodon of die 
Qonftkuent Paf ticks of Bodies, one among anor 
•tber ; and ariies irom an Inequality in ttieir 
;Attra<Stion9 of Gohefion. Authors diftinguiih 
it into two Kinds ; the one is that which hap- 
•pens when a Solid is diflblved by a Fluid ; the 
plhor is, when two Fluids, being niixcd, to- 
gether, ferment with eadi other. 

Thofe Authors, who have treated of- the 
ffirfl of thefe, tell us. That to caufe a Feritaen- 
•fctlSon between a Solid and a Fluid, feveral 
cCircumftances are neceflary. Particularly!^. 
Friend *, and Keil •(-, are of Opinion, 
^ I . That the Particles of the Solid muft at- 
^f a6t thofe of the Fluid wkh a greater Force, 
'than the Particles of the Fluid attnwft one 
another. 

*^ See his Chyxnkal Le£lurc9. 

f See his Letter to Dr. Cockburn, Dettgihut JttraBionis. 

- 2. That 
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2. That the Pores of the Solid muft not be 
too fmaH to admit the Partidfcsrpff tljp f^ljaid 
toto them. 

« 

3 . That the Body be of io \oQ£t z Contex- 
ture/ that the Force of Impad/ with which 
the Particles of the Fluid rufe into its Pores* 
may be fufficient td difunite its Parfe^ ' j? * 

-4.T1iat the Elafticrty of the Particles tmdi 
^fery . much to ' promote^ and augment* the 
Fermentation 4 

Dr; Boerha^Oe makes alfo four Conditions 
requifite */ 

1 . That there be i due Proportion between 
the Size of the Particles of the Fluidj, and the 
Pores? of the Body to be difTolved* 

2. That the Figure of the Particles of thb 
Fluid have a ' determibate Relation to that of 
thii Pores of the Solid. 

3. That the Particles of the Fluid be fuffi* 
ciently folid, that their Moment, (* Fof ce of 
Adion may not be too weak* 

\ 4. The laft Qualification, he rlientions, is 
a fit Difpofition of the Particles of the Fluid, 
when received into the Pores of the Solid, to 
make fome ftay there, and not immediately 
to p^fs through i but to aft every Way 'upon 
the Solid, as they moVe towards the external 
Surface, thereof. 

- ♦ Dr. Bo€rhAa<i}i% CJiemiftry, by %hawi p. 3^ . 
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But wc have no Occafion to have Recourfe 
to fo many Suppofitions : if the Particles of the 
Solid attraft thofe of the Fluid with a greater 
Degree of Force than either thofe of the Fluid, 
or thofe of the Solid attradt one another *, it 
\% fufficient ; and there will follow a Diflblution 
of the Body, as may clearly be demonftrated 
from the Laws of MecbanicSy whatever the 
other Circumftances relating to the Figure or 
Magnitude of Pores, &c. may be +• 

When 

*. This may be thought an impoffible SuppoRtion^ for the 
force of Attra^on of Cohefioa being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of» there cannot be a greater Quantit}^ of 
Surface betweex^ every two Particles, one ofwhich is a Particle 
of the Solid, and the other a Particle of the Fluid, thaa there 
IS between every two Particles, which are either both of the 
Solid, or both of the Fluid 5 and therefore the Particles of the 
Solid cannot attraft thofe of the Fluid with greater Force than 
either thofe of the Solid or thofe of the Fluid attraft one another. 
But it i3 ioht coniidered, that we are QOt fo well acquainted with 
the Nature X)f the Attradlion of Cohcfion, as to determine exoBlf 
in what Manner, and by what Laws it a£ts. The Experimenti 
made Ufe of for this Purpofe, only fliew that fo long as we try 
them with the fame Kind of Bodies, the Attraction is larger 
where the Contact is fo. See Part I. Chap. III. But we have 
no Method of determining, whether the Difference of Attrac* 
tion> which 'oariouf Bodies exert upon one another, arifes folely 
from a Difference in their Surfaces, or not, 

f Dem. Thus, let/,y^/, fsfc. {Fig. 39.) reprefent a Scries of 
the Particles of a Fluid, and^jt, /, j, Sffr. a Series of thofe of a 
iblid Body, contiguous to oiie slnother : and let the pricked 
, Lines//, //, &fr. reprefent the Forces of Attrafidon l>etweeii 
the Fluid Particles one among another, and / #, i j, feTc. 
thofe of the folid ones among themfelves ; and let the black 
Lines /j, sf, ^c. exprefs thofe which are between the iai4 
and folid Particles. Now, the latter Forces being by the Sup- 
. pifition Itronger thrn the form^, the fluid Partides will recede 

frotOL 
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When a Solid is jput into a Fluid, if their 
Particles have the above-mentioned Relation 
to each other, thofe of the Sdlid, being at- 
traAed with greater Force tiswards the Fluid, 
than they are the conti^ry Way, . they will fall 
off from the Solid, and enter in between the 
Particles of the Fluids and for the like Reafon, 
thofe of the Fluid will open to themfelves a 
Way in between thofe of the Solid, and will 
fcparate them from each other. Neither will 
ttffiir Refpcftivc Motions ceafe, unlefs their 

from each other, and fuffer thofe of the Solid to enter in be- 
tween them i and for the fame Keafon the foifd Particles will 
give Way to thofe of the Pluid. Ify which means, the Dfftances 
reprcfented by the pricked Lines becoming grater, the Attract 
tions, which they exprefs, wiH be diminimed ; fo that the fluid 
Particks will enter quite in between the folid 0tss, and the folid 
ones between the fluid ones ; and' both of them together will 
conftitute fuch a Series, as is rcprefcnted in Tt^re 46, in the 
middle Row j, /, s, /, 6f f . where the folid ana fhiid PiarticleS 
lie mixed interchangeably one with another in a right LinCf 
Now let it be fuppofed, that this Series is contiguous to one 
which confifts wholly of Fluid above it, as is expreffcd in the 
FigoxCy. and to another below, confifting of fdlid Particles only. 
Every folid Particle in this Series will be attradled upwards witi^ 
greater Force, than it is downwiards ; and every fluid one with 
j^reater Force downwards than it u upwards, as appears by bai« 
£:^£lion of the Figure, where the black Lines, as in the 
former, exprefs the flronger Attraflions, and the pricked ones 
the weaker. And, if we foppofe the Number of ]Particle« in 
the Solid zxt^ in the Fluid to be nearly equal, thofe of the Fluid 
will not ftop, till they have quite paflfed thrpagh the Solid 1 
for they will always find a Series wholly conflftiiig of iblid Par- 
tides before them, whilfi that which they lefiive behind, will 
be a MiXtttfe of both. In like manner, the folid ones will paft 
quite through the fluid ones ; for they will always meet with 
tnore fldid ones before them» -than they leave behind within the 
Sphere of their own Attra6don. 

Z z Quan- 
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Quantities bc^ycry «iiM4¥al, till they arc dif- 
fuCcd imi^mly one among another^ a& we 
may vccy ^fily conceive, ; for till then, there 
will aj ways be fome Particles attracted with a 
greater Degree of Force one Way than they 
are anotherv 

Andiif more of the Sdlid be added to this 
Fluid, the Particles of the Fluid will alfo en- 
ter into that Solid, till each is furrotmded on 
all Sides with folid Particles, ashlar as its at- 
tradive- Force reaches. After which the Fluid 
will (as they fay) be faturated^ and will difr 
folv'e no more. ' . \ . 

Again^ if more of the Fluid be poured upon 
that Solid, the folid Particles will' dimife 
themfelves ferther into the Fluid,, till each of 
them is encompafled with Particles of the 
Fluid, as ^r as its attraftive. Force extends; 
and then they will fpread themfelves no farther. 

But in either Cafe, if another Solid, or 
Fluid, the attra<3ive Force of whofe Particles 
differ from thofe of the former, be added, a 
frefli Fermentation will begin, provided th© 
iattraftive Forces between the Particles of the 
former Mixture, and of thofe which are now 
add?d, have fuch a Relation to egch other,, as 
is necelTary to produce it. 

Upon this Principle it fhould feem, that a 
Fluid fhould always be capable of diflplvinj 
jnore than an equal Quantity of a Solid ; an( 
that a Solid fhould be capable of; entering in 

and 
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and diflfafing hfelf thrdsigh' mcAt-lStim^2Xi 
equal Qoamity of Fluid/T4fe R«afon ^y it is 
frequently not fo, is becauffc it common!]^ hap- 
pens, that the Fluid and the. Solid artf'.not'of 
equal fpecific Gravities* When the Solid is 
heavieft, fo»many of its Particles v^^ill not af- 
cend and enter into the Fluid, as would other- 
wife have done ; and on the contrary, when the 
Fluid is heavidlb, the 'Weight of its Particles 
will be an Impediment to their rifing into, and 
diflblving fo much of the Solid as it otherwife 
might have done. 

We have noOccafion to diftinguifh Fermen- 
tation into two Kinds, with regard to itsCaufes; 
for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
together, if Ae Particles of the one attraft thofe 
of the oAer, with greater Force than either 
thofe of the one, or thofe of the other attradt 
themfelves, a Fermentation will equally enfue, 
the Caufe' being the fame in bodl Cafes. 

When tA^KjJFluids, or a Solid-and a Fluid, 
ferment with each other, if the Agitation and 
intejline Motion of tlieir Particles be very 
great, or continues a long Time, and if the 
Sub{bnce of them be of the inflammable Kind, 
they will, by continually nibbing one againft 
anc^er, be fufficiently heated to take Fire, 
and burft out into Flame ; as was laid of the 
feveral Compolitions mentioned in the fore* 
going Dictations. 

Ai 


■ 


%y6 Of Firmmiattoiu Partll* 

See the AodioTG, -vHio have explained 2nd 
defended the old Solution, re&ncd to by Mr. 
^fimfm in his QusfiioncsFhilofoph. Cap. III. 
QuskA. 5, 6, 7. 
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Natutal Philofophy. 


PART* in. 
Optics, 


c H A p. I. 

Of the Nature and Tropagatian ^ Light. 

IN treating of the Nature of Fluids, 1 have 
explained fuch Thanomena as refult from 
fmaU Particles of Matter cx)lleded toge- 
ther, and aded upon according to the 
Laws oi Mecbanifm*^ the Order of my Defign 
now brings me to Ihew how according to the 
fame Laws fuch Thammena^ as refult from 
the Emiflion of infinitely fmdl Farticlei from 
luminous Bodies, are produced ; which ^ha^ 
nomena^ being the Means, whereby thelnlages 
of external Objeds are reprefented to our 
Minds^i by the Intcrventioa of our Organ* dE 


! 


4 Of the Nature and Part III. 

Sights arc for that Rcalbn called Optical^ and 
the Dodrine, by which they arc explained, 
the Science of Ojpr/c J *. 

Every vifible Body emits or reflefts incon- 
ceivably fraall Particles of Matter from each 
Point of its Surface, which iffiie from it con- 
tinually, (oot unlike Sparks from a Goal) in 
ftrait Line^.and in all Diredions. Thefe Bir- 
ticlcs entring the Eye, and ftriking upon the 
Retina (a Nerve expanded oti the back Part 
of the Eye to receive their Impulfes) excite in 
our Minds the Idea of Light. And as they 
differ in Subftance, Denfity, Velocity, or 
Magnitude f , they produce in us the Ideas of 
different Colours ^ as will be explained in its 
proper Place. 

That 
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\j * Optics is gento^Iy divuled into two Parts, wk. Dhfirics, un- 

^r which is comprehended every Thing that relates to the Ap- 
peanmcfs of Bodies feen through tanfprent Subljtances :> an4.C^- 

?^trust or what relates to the ieeing of Bodies by refieded Light. 
o thefe we may add a third, which properly Gonoes tzjider pf^-. 
ther of the former DiiUndions, and that is, thi Dodrine of-^0^ 
loursi which explains every Thing that rdates to the Caufk' of 
the T^irttGty of Coloms obTenrable in nfttuiral Bodies. 

f Tis mor< probuhle, that they dif&e either ki Magnitaide, 
pr Denfity^ than in Velocity or Sot^npe. For, if the Difici^ 
. cnce of Colours arife from the different Velocity of the Rays of 
Lights then the Colours of Objefb would appear changed to an 
Eye jplacod under Water, or within b^ Me^tumiUfent^friniikt 
Air mlienfity : For when a Ray ©f Light paffcs out of a Mfdi^ 
km into another of different Denfity, it undergoes an Alteration 
ioijts Vdocity, as wiii be explained hereafker. And to fuppofe 
them to differ in Subftance, is coatj'ary to that Uniformity of 
Thing^9, which is obfervable in the Univerfe ; as well as repug* 
' . ' nant 
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That the Particles, which conftitute Ligh|i 
are exceedingly fmall, appears from hence, 
viz. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Objcd on the farther Side of it, arc ca- 
pable of paffing through it at once without the 
Icaft Confufion ; for any one of thofe Objeds 
may as clearly be ieen through it as if no Rays 
pafled through it from any of the reft. Fur» 
ther, if a Candle is lighted, and there be no 
Obflacle in the Way to obftraft the Progrefi 
of its Rays, it will fill all the Space within 
two Miles of it every Way with luminous 
Particles, before it has lofl the leaft ienfifalc 
Part of its Subftance thereby. 

/ That thefe Particles proceed from every 
Point of the Surface of a vifible Body, and in 
all Dire&ions, is clear from hence, viz. be* 

iiaiit to that Homogeneity in the primogeneal Parts of Matter, which 
from the Experiments hitherto made* is thought to exift every 
where. Whereas, if* we fuppofe them to differ either in N^ifnitude 
or Denfity, nothing is more eafy than to fee how thofe of the feme' 
Kind ihoold, however refra6Wd, produce the fame Colours s and 
alfo how thofe which produce diftrent Colouis, fhould fuffi^r iit^ 
ferent Degrees of Refraction in paffing through the fame Midiuwu 
As to the firft, it is felf evident, becaufe R^ftion cannot alter 
their Magnitudes or Denfities ; as to thefecond, it is probaUa, that 
the more intenfe aod ftronger Colours, the Rays of which fuffer 
tiie leaft Refradion, are produced by the larger, or more doife 
Particles of Light: For, that fuch Particles flionld be lefs rdfraded 
than others, is quite confonant to the Laws of Attraction of Co« 
hefion, which, as it adb in Proportion to the Surfaces of Bodies 
only, muft neceflarily zSsSi the larger, or the more denfe Partt4 
4es, lefs than it does the reft ; becaufe foGhhavc larger MmtMtm 
or Ferco io Proportion to thdr Surtee, than others have. 

A a cauft 


6 Of the Nature and Partllt^ 

mqIc where-ever a Spedator is placed with 
Kcgard to the Body, every Point of that ?art 
of the Surface which is turned towards him, 
is vifible to him. That they proceed from ihc 
Body in right Lines, we are aiTured, becaufe 
juft 10 many and no more will be intercepted 
in their Paflagc to any Place, by an interpofed 
Objeft, as that Objed ought to intercept, fup- 
pofing them to come in fuch Lines. 

The Velocity, with which they proceed 
from the Sur&ce of the vifible Body is no left 
furprizing, than their Minutenels : The Me- 
thod whereby Philoibphers efljmate their Swift- 
hels, is by Obfer vations tnadc on the Eclipfes of 
Jufiter*^ Satellites, which Eclipfes to us ap- 
pear about fcven Minutes Iboner than they 
ought to do by Calculation, when the Earth 
is placed between the Sun and him ; that is, 
when we are neareft him, and as much later, 
when the Sup is between him and us, at which 
Time we are fartheft from him ; from whence 
It is concluded, that they require about feven 
Minutes to pa^ over a Space equal to the Dilt. 
f ance between the Sun and us, which Js about 
pighty onp Millions of Miles *. . 


* This afbrjs us another Proof of the flirprizing Finenefs of the 
Ktrdeles of Light ; for the above-mentioned Velocity of the Rays 
it oonfiderably more than a Million of Times greater than that of 
a Canon Ball, -Were they not therefore snconceivaUy fnnall* thg^ 
?yf wpold be rather wounded. ||iaa delighted with them ; and 
• -^ * the' 
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A Stream of thcfe Particles iflaing from the 
Surface of a vifible Body in one and the £mie 
]>iredion9 is called a Rof of Light. 

A$ Rays proceed from a vifible Body in all 
Birediohs, they neceflarily become thinner 
and thinner, continually ipreading themfelves, 
as they pds along, into a larger Space, and 
that in Proportion to the ^uares of their Dii^ 
tances from the Body * ^ that is, at the JDifl 
tance of two Spaces, they are four Times thin- 
ner, than they are at one \ at the Diflance of 
three Spaces, nine Times thinner, and fb on: 
the Reafbn of which is, becaufe they (pread 
themielyes in a twofold Manner, viz. upwards 
and downwards, as well as Side- Ways. 

Hfi tender Flowers of Slants would be fo hx from being cherifliej 
by them, that they would be torn in Pieces, and notable tofiasd 
before them. 

* This Propofition is demonftrated mathematically thus ; l^et oa 
conceive two concentric Sor&ces ABD, and EFG (Fig. i . ) and ii| 
thefe, two fimilar Portions ELFI, and AHBK ; let the Rays C£ 
aind CF, with the reft proceeding from the Center C, fall npon 
the Portion ELPI and cover it ; m evident from Infpefiion of the 
i^i^re, th^t the fame Rays at the Diflance CH will cpv^ r the Por- 
tion AHBK only ; now thefe Rays being the fame io Number at 
each Place, will be thinner in the former, than ihcf are in the lat- 
ter, in Proportion as that is larger than this ; bat thefe Spaces be- 
ing fimilar Portions of the Surfaces of Spheres, bear the fame Pro- 
^rtion to each other, that the SurfiKses themidves do, that is, 
they are to each other as the Squares of their Radii CL, CH ; 
fhe Rays therefore are moredi^uied, or thinner in Proportion to 
the Squares of the &me Radii^ or of their Diftances from the lu- 
i^inoQs Point C. S.£.I>. 

The 

«■ . ■ » 
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The Particles of Light arc fubjeft to the 
Laws of Attiadion of Gohefion like otha 
imall Bodies, for if a Ray of Light be made 
to pais by the Edge of a Knife^ it will be di- 
verted irom its natural Courfe, and be infleo- 
ted towards the Edge of the Knife. Hie like 
Inflection happens to a Ray when it enters ob- 
liquely into a denier or rarer Subftance than 
that in which it was before, in which Cafe it 
is faid to be refraB€d\ the Laws of which 
Rcfrai^ion are the Subjed of the following 
Chapter *. 

• 

* The Carttfian Notion of Light, was not, thi^ it U propaga* 
ted from luininotts Bodies hf the Emiffion of rm«U Particles, but 
that it was communicated to the Organ of Sight by their Preflure 
ttpon the Materia/uhiliSf with which they fuppofed the Univerfe 
to be full. But according to this Hypothefis, it could never be 
^ark ; becaufe when a Fluid fuftains any Preffure, if that Fluid 
£lls all the Space it takes up, abfolutdy, without leaving an/ 
Pores, which is the Cafe of the fuppofed Mattria fuhtilis ; then 
that PrelTttremuft necefiarily tie commimfcatad cfiudfy find infiAn- 
iaueoujfy to every Part : And therefore, whetl^ the Son were 
above or below the Horizon, the PreiTure communicated, and 
confequently the Light, would be the iame. And fiuther, as the 
Preffure would be inHantaneous, fo wovid the Light, which it 
contrary to what is collected, as we obferved above^ from tht 
pclipfcs ofyufiur's Satellites, 


CHAP. 
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CHAP. IL 

Of the Caufe of Refradion, and the 
"LdMi^ hy which it is performed, 

WHatcvcr Subftancc a Ray of Light paC* 
ics .through, or if it pals through a 
Sp^K:e void of all Subftance, it is faid by Phi- 
loibphors to pais through a Medium \ and 
therefore if it paflcs out of any Subftancc^ z» 
Air or Glafs, intoa Vacuum^ or the contrary, it 
is &id to pais oilt cf one Medium into another. 

All Bodies being endued with an attradive 
Force, .which is extended to fome Diftance 
Ibeyood their Sur&cxs ; when a Ray of Light! 
pa0es out.c^ a rarer into a denfer MeSum (i£ 
tjiis latter h^ a greater attradive Force than 
the former, as is commonly the Cafe*, and 
what we fliall hereafter always iuppoie, unlefs 
it be mentioned to the contrary) the Ray juft 
before its Entrance, will begin to be attraded 
towards the denier Medium^ and this Attrac** 
tion will continue to ad upon it, till fome 
Time after it has entered the Medium^ as wc 
Qa^Sl ihew by and by ; and therefore if a Ray 
^l^proaches a denfer Medium in a Diredioa 
perpendicular to its Sur&ce, its Velocity will 

*In oily and inflammable Bodies it happens otherwife ; for xhcf 
aieobTerved to a(UaCl more ftrongly than othiers of greater Denfity. 

be 
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be continually accelerated during its Fal&ge 
through the Space in which that Attradion 
l:Kerts itfelf ; and therefore^ after it has pafled 
that Space, it will move on, till it arrives at 
the oppoiite Side of the Mediumy with a great- 
er Degree of Velocity than it had before it en- 
tered. So that in this Cafe its Velocity only 
will be altered. Whereas, if a Ray enters a 
denfer Medium obliquely, it will not only 
have it* Velocity augmented thereby, but its 
Diredion will become lefs oblique to the Sur-* 
face. Juft as when a Stone is thrown down- 
wardis obliquely from a Precipice, it falls to 
the Sur&ce of the Ground in a Dire&ion near- 
er to a perpendicular one^ ' than that with 
which it was thrown from the Hand. From 
hence we fay a Ray of Light in paffing out of 
a rarer into a denfer Mediuniy is refiraded to^ 
wards the Terfendkular ; diat is, fuppofing 
a Line drawn perpendicularly to the Surface 
of the Medium^ through the Point where the 
Ray enters, and extended both Ways, the 
Ray in paffing through the Surface is re&aded 
or bent towards the perpendicular Line ; or^ 
which is the fame Thing, the Line which it de-< 
fcribes by its Motion after it has pafied through 
the Surfice, makes a lefs Angle with the Per* 
pendicular, than the Line it defcribed before. 
All which may be illufkated in the following 
Mannen 


Let 


tjtt m fbppofc hiftj that the Ray paflcs 
out of h Vacuum into the denfcr Medium A 
BCD, (Pig. 2.) and that the attradive Force 
6f eadi Patticle in the Medium is extended 
itacti Hi itfpeftive Center to a Diftance equal 
to that trhith is between the Lines AB AtA 
Efr, of AB and GH ; and let KL be the Path 
defcribed by a Ray of Light in its Progrels 
towaf d^ the denfcr Medium. This Ray when 
it Arrives at L will enter the attraftive Forces 
of thofe Particks which lie in AB the Surface 
of tfite ddrifer Medium, and will therefore cfeafe 
to proceed any longer in the right Line KLM, 
but wffl be diverted from its Courfc by being 
ftttrafted towards the Line AB, and will be*, 
gin to defcnbe the Curve LN, paffing through 
the Stlrfece AB in ibme new Diredion aS OQ^ 
thereby making a lefi Angle with a Line ais 
PR drawn perpendicularly through the P6int 
N, than it would have done, had it proceedeil 
in its firft Drreftion K LM. 

Farther, whereat we have fuppofed the 
attraAive Force of each Particle to be eit* 
tended through a Space equal to the Diftance 
between AB and EF, it is evident, the Ray- 
after it has entered the Surfece, will Hill be 
atti;aded downward^), till it has arrived at 
the Line EF ; for till that Time, there wiH 
fKDt be fo many Particles above it which Will 
«traA it irpfwaidsi as below, that will at- 
traft it doyrawards. So that after it has en- 

B i teied 
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tCTcd the Surface at N, in the Diredion OQ, 
it will not proceed in that Diredion^ but will 
continue to defcribe a Curve, as NS, after 
which it will proceed ftrait on towards the 
oppoGte Side of the Medium^ being attraded 
equally every Way ; and therefore will at lafl 
proceed in the Diredion XST ftill nearer the 
rerpendicular PR than before. 

Now if we fuppofc the Space ABYZ not to 
be a Vacuum^ but a r^rer Medium than the 
other, the Cafe will ftill be the lame ; but 
the Ray will not be io much refiraded from its 
redilineaLCourfe, becaufe the Attradion of the 
Particles of the upper Medium beii^g in a con- 
trary Diredion to that of the Attradion of 
thofe in the lower one, the Attradion of the 
denfer Medium will in fome Meafure be de* 
llroyed by that of the rarer. 

On the contrary, when a Ray pa^es out 
of a denfer into a rarer Medium^ if its Direc- 
tion be perpendicular to the Surface of the 
Medium.^ it will only lofe fbmewhat of its 
Velocity, in paifing through the Space of At- 
tradion of that Medium (that is, the Space 
wherein it is attraded more one Way^ than it 
is another). If its Diredion be oblique, it 
will continually recede from the Perpendicu- 
lar during its Paflage, and by that Means have 
its Obliquity encreafed, juft as a Stone thrown 
up obliquely from the Surfece of. the Earth 
increafes its Obliquity all the time it rifes. 
^Thus, fuppofing the Ray TS paffing out of the 

denfer 
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AzT&x Medium KBCD into the rarer ABYZ, 
when it arrives at S it will begin to be attraft- 
cd downwards, and {o will dclcribe the Curve 
SNL, and then proceed in the right Line LK^ 
making a larger Angle with the Perpendicular 
PR, than the Line TSX in which it proceeded 
during its Paflage through the other Medium. 

The Space through which the Attraftion of 
Gohefion of the Particles of Matter is extend- 
ed is fo very fmall, that in confidering the 
Progrefs of a Ray of Light out of one Medi-- 
urn into another, the Curvature it defcribes 
in paffing through the Space of Attraction is 
generally negleded ; and its Path is fuppofed 
to be bent, or in the ufual Terms, the Ray \b 
fuppofed to be refraded only in the Point 
where it enters the denier Medium. 

Now the Line, which a Ray defcribes be- 
fore it enters a denier or a rarer Medium if 
called the Incident R^ j that which it de- 
feribes after it has entered, is the Refracted 

The Angle comprehended between the In- 
cident Ray and the Perpendicular, is the jin^ 
gle of Incidence \ and that between the refraft- 
cd Ray and the Perpendicular, is the AngU of 
RefraBion. 

There is. a certain and immutable Law or 
Rule, by which Reftadion is always perform- 
ed ^ and that is this ; Whatever Inclination a 
Ray of Light has to the Surface of any Medi-- 
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am before it enters it, the De^ee of Refra^i- 
on will always be fuch, that tjie Prpportion 
between the Sine of the Angle of its Incidence, 
and that of the Angle of its Rcfraftiop, will 
always be the fame in that Medium^. 

To 

• Lemma. If fron^ a Poirit as M (Fig, 4. ) taken any where 
without tho Circle PNQ, a Line as MP bfe drawn paffing through 
. L the Center of the Cirde, and terminated ia the Circvfnfei^nc^ 
at P, the Produfl of MQjnultiplicd by MP is equal to the Difit- 
reticc between the Squares of ^l L and PL. 
• DimwItr^ttM of the lemma. Call MQ» a » and th^ Rfdinsof 
the Circle fiQ or LP, * > then will the Diameter QP be expref- 
fible by zh^ and the whole Line MP, by tf+z^ ; then ipultiply- 
ing MQJ)y MP, that is, a by mJ^iK we have for the Prodwft 
of this, aa-^'tei. Now the Square of the Line ML, whi^ is 
expreiTible by ^4'^» is aenJ^iah^iht and the Square of PL is M j 
but the Difference between thefe Squares, vis. aaJj^zab'i^hbzn^ 
hh is evidently aa^zai} and therefore the Produft of MQjDiut 
tiplyed by MP is equal to the Di^erence between the Square qf 
ML and PL. ^E.D. 

Demonjtrathn of the Fropojkion, When a Ray of Light pafib 
throfgh the Space of Attra|ti<|n of aiiy Muium's it it fvi^ent fha^t 
Its Motion will be fubjeft to the like l4ws with that of fr^e/^ileu 
provided we fuppofe it to beaded apon with an eq\ial Degree of 
Force during iti whole Pa^ge thsough that Space, aa ifr the Cafe 
of Proje^iles to whatever Height they are thrown from the Earth. 
"Wo will therefore put a Cafe as nearly parellel as may be to that 
which was demonftrated eHBrojeSiies in the feventh Chapter of the 
firft Pan ; and fuppofe 6r|t, that the Forfe oJF AttraQio^ of ih? 
denfer Medim is at aF) Diibances the fame 98 far ai it n^che^* and 
that the Hay proceeds out of a denfer into a rarer Medium ; in 
which Cafe it will be attraded back towards the denier M§tUum, 
during its PafTage through the Space of Attradion, in like Man* 
her as a Proje^Ue thrown upwards b while it ri(es from the £arth. 
Let then AdCD (Fi^. 4.] repreien^ the denfer Medium^ and AB 
£F the*Spacr of Attradioo i aad let GH bo a Hay about ^o enter 
the Force of Attra6UQn at H, asfi let GH be produced to M. N^w 
*C]s evident, that in this Suj^ofitiop, the Ray when at H, is in the 
fame Circutnftances with a rr^e&ite abont to be thrown upwarda 
ftoin (i towards M> it will therefi^e defcribe a Portion of a Parabola 

as 


To Uluftratc this, Jjtt uj fqppofc ABCP 
(Ftg. if) to jrcprcfent % fvcr^ and ABEF a 
dcnfcr Medium:, let GH be a Ray of* ' 



if HI ; to which the Line HM will be a Tangent at H; and 
the Line IK* in which it would praoied after it has pafled 
the Space of Attradion, a Tangent to it at I, for after having 
left the 'attra£live Force at I, it goes ftnic on in its laft Direc- 
tion. Let the Perpendicular IR be drawn meeting GH produced 
in M» and let KI be produced to L. On the Center L with the 
Radios LI, deTcribe the Circle PNQ. let All the Fer^ndicuhur ^ 
LO Q«m MRt and join the Points L and N. Now it is demon* 
ftiated in the Oife of Fro|eailes» that the Ftaramur of the Pcdnt 

H is equal to^M?* and therefore the Paramiter multiplied 

by Ml is equal to HM^. And it is there firther demonftrated, 

that die faid P^rtmuter is equal to four times the Height 

which a Body maft fall ftom, to acquire the Velocity the ProjedHle 

has at H ; ms Parameter tliefeft>fie is a Quantity not at all de- 

pendii^ on theDireftion of the Projectile, but on its Velocity only ; 

and confeqnently in theprefent Suppofition it is a given Quantity, 

the Ray GK being fuppoled to have the fame Velocity, whatever 

is its IncUnation to the Sbr&oe AB. New the Tangent KI beii^ 

produced to L, vnll by the Property of the Parabola, lufea the 

other Tangent HM, wherefore the Line LO being parallel to HR» 

MR will alfo be Uieded in O; and adding the equal lines QI 

and ON to each Part, MN will be equal to IR I bnttheLineIR 

is alfo a Line independent of the Inclination of the Ray GH, its 

Length being deternuncd by the Breadth of the Space of Attra^oii 

ABEF only, and therefore MN is a given Quantity. Now, 

whjcreas MI, when multiplied by the Parameter of the Point H, ' 

whichbefore wasihewn tobeaeivenLine^ is equal to the Square 

of HM, therefore the fame Line MI when multiplied by any other 

0ven Line (vix, MN) if it is not eoual to, will nevothdefs bear 

• given Proportion to the Square of HM : Bint fince MI multiplied 

by MN bears a siven Pioportion (<ui», a Proportion that does not 

depend on the udination of the Ray GH) to the Square of MH, 

its equal, nfix. the Predna of M(>multi]^iedby MP (37. El. 3.) 

or what is equal to this, the Diftrence between the Squares of 

ML and PL (by the foregoine Lemma) or, which is the fame 

Thing, ofMLandLIi (becaofePLaUdLIareXoirVofthefamo 

^ Cirdcj 


palling through the firft and entering; the fecond 
at H, and let HI be the refrafted Raj ; then 
iiippofing the Perpendicular PR drawn through 
the Point H, on the Center H, and with any 

Cirde) does fe too. Now the Square of ML bem alfo a eivea 
Proportion to the Stjuire of MH (ML being eqaal to half MH) 
oonfeqaently there is a^ven Proportion between the Square of M 
L and the Diftrence of the Sqoares of ML and LI ; md therefore 
there is a ceruin Proportion between the Lines themfelves, viz. 
between ML and LI. fiut in every Triangle the Sides are propor* 
tkmable to the Sines of their opfx>fite Angles, therefore in the IVh 
angleMLI, the Sine of the Angle LMI has a given Proportion to 
fhb Sine of the Angle LIMr or of its Complement to two right' 
ones MIK (for the3|[ have the fame Sine) : Bat LMI being an An- 
gle nuuie by the incident Ray GH produced, with the mpendi- 
cdar RM, is the Angle of Inddence, and MIK being made by 
the refiraded Ray IE, and the fame Perpendicular, is the Angle 
of Rdfra^Uon, therefore in this Cafe there is a ooaifamt RaU be* 
tween the Sine of the Angk of Incidence, and that of the Angle 
of Refraaion. ^S.D, 

We have in the foregoing Demonftration fuppofed that the 
Force of Attradion is every where uniform, but if it be odierwife* 
provided it be the fame every where at the iarae Diilances from 
the Surfiice A B, the Proportion between the fbrementioned Sines 
will dill be a given one. For, let us imagine the Space of At- 
trafUon divided into parallel Planes, and the Attradion to be the 
hmo through the whole Breadth of each Plane chough di&rent in 
different Planes, the Sine of the Angle of Incidence out of each 
will, by what has.been demonfirat^ above, be to the Sine of 
the Angle of Refra^ion into the next in a given Raiio ; and 
therefore, Ance the Sine of the Angle of Relraflion out of one 
will be the Sine of the Angle of Incidence into the next, it is 
evident that the Sine of the Angle of Incidence into the firft will 
be in a given Ratia to the Sine of the Angle of Refradion out of 
the laft. Now let us fuppofe the Thicknefs of thefe Pkne% di* 
miniihed in infinitum^ and their Number proportionably increafed, 
the Law of Refraction will dill continue the fame ; and iheiefore 
whether the Attra^ion be uniform or not, there will be a con- 
ftant Raih between the Sine of the Angle of Incidence and of 
Jlcfraaion, ^E.D. 

Radius 
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Radius defcribe the Circk APBR, and from 
G and I where the incident and refrafted Rays 
cut the Circle, let fell the Lines GK and IL 
perpendicularly upon the Line PR, the former 
of thefe will be the Sine of the Angle of Inci- 
dence, tb& latter of Refradiom Now if in 
this Cale, the Ray GH is fo refrafted at H, 
that GK is double or treble, (^c. of IL, then 
whatever odier Inclination the Ray GH might 
have bad;: the Sine of its Angle orincidence 
would have been double, * or treble, @r. to 
that of its An^le of Re6aftioa For Inftance^ 
had the. Ray paffed in the Line MH before 
Refraftion^ it would have }»fled in ibme Lirie^ 
as HN afterwards,^ ftf fittiated that MQ ihould 
have been double.or t»bk, ^c. of NQ^ 

When a Ray pafles out of a yaaam int0. 
Air, the Siue of the. Aag^t)f Incidence is fouild 
to be .to that. of Re^^n, as 100036 to 

lOOOOO. ^ : ' 

When it pafles out of Air into. Water, as 
about 4 to 3. 

When out of Air into Glafs, as about 17 

to II. 

^ When out of Air into a Diamond, as about 
5162. 


Ci Jrl Ax* 


1 8 TStf Rtfraetim ♦/Light, Off. Partllt 

CHAP. IIL 

Of the RefraBim of Light in pajftng 
tbrd flain and fpherical Stur face& 

AS Riys of Light arc cajMbk of hiving 
thetfProgrefs. altered by Rcfra£^ioii(» 
Refleftion, it is pdflfible they may hare vari-^ 
ous Inclinations and Dircdions di£kieiit fiom 
tb»fe wf&ich they natinrlfly aoquife by prbcced-' 
ing from die Sar£u%^i3f vifibtc Bodies. 

When they recede fenn each other aa they 

Mftalotig^ they ate fiid to <iSf<iw^^ ; ^^tlK 
r oint tbey jproceed from^ is called die RaS^ 
Mt "Pmt. 

When they proceed towards any Point ap- 
proaching nearer together in their Ptogrefs^ 
they arc then faid to converge ; and the Point 
tbw^s which they tend^ is called the J^ci^x. 

This Focus may be either real or Iinagina-* 
ty\ it isi&ld to be )-ealy when the Rays actu- 
ally proceed to it ; but if they arc intercepted 
iti thdf Pro^e^ or turned another Way be* 
fore they reach it, it is called their itnagma^ 
ty Focus. 

Sometimes it happens, that Rays arc fb re-- 
firaded or refleded, that they proceed after- 
wards, as from fome Point, which is not their 
tRie Radiant, then alfb that Point is called 
their imaginarji Focus. 

When 
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When they proceed in parallel Lines, they 
arc then called parallel Rt^s \ and both their 
Focus and radiant Point 'is fuppo&d to be at 
an infinite Diftance. , 

When Rays pals out of bne Medium . into 
another, they fuffcr various Alterations in 
their Motion. All which are expreflcd in the 
eighteen following i*ropofitions. 

I. When faraUel Rays fall otliqucly on a 
plain Sufj&cc of a Medium of different Denfi* 
ty, they are faraUel alfo after ftefradion* 
For having all the lama Inclination to the 
Surface, they fufier an equal Degree of Re- 
fradion. 

II. When diverging Rays pais out of a ra- 
rer into a denier Medium through a plain Sur* 
fece, they are made thereby to diverge lefi. 

For being all refraded towards their re- 
ipeftive iPerpendiculars, (which Perpendicu- 
lars are parallel to one another) they are brou<»'ht 
nearer to a Parallelifin themlclves • that is^ they 
are made to diverge lels than before. 

See this and the following Cafes eKprejffed 
mre determinatefyi and aemonjirated in the 
Note below^. 

III. Wiico 

♦ I. When Rays jtoTs bat of 6nd Midium iftto another of dit 
fttent Penfity through a plain Surface ; if they diverge, the fixil 
Diftance will be to that of the radiant Point ; iS they conreige, i% 
will bf (0 that pf the imaginary Focoi of the inddiot Rg^, aa 

C . Iht 
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III. When they proceed out of a dcnfcr in- 
to a rarer Medium , the contrary happens j 
fcr then being refraded from their refpedivc 
Perpendiculars, they are made to diverge 

more. 

IV. So 

the Sine of the Angle of Incidence is to that of the Ai^lc of 
RefrafHon. 

This Propofition admits of four Cafes. 

Cafi I. Of diverging Rays pafling out of a rarer into a denfer 
MediuM' 

Dem. Let X (Fig. lo.) reprefent a rarer, and Z a denfer Me^ 
dium, feparated from each other by the plain Surface AB ; fappofe 
CE andCD to be two diverging Rays proceeding from the Point C, 
the one perpendicular to the Surface, the other oblique ; through 
B draw the Perpendicular PK. The Ray CD being perpendicukc 
to the Surface will proceed on in the right Line CQ, but the other 
falling obliquely on it at £, and there entring a denfer Medium^ 
will (uiFer a Refradon towards the Perpendicular £K. Let the% 
EG be the refraded Ray, and produce it back till it interfedti 
DC produced alfo, in F ; this will be the focal Point. On. 
the Center E and with the Radius £F» defcribe the Circle 
AFBQ, and produce EC to H; draw HI the Sine of the 
Angle of Incidence and GK that of Refra£lion ; equal to this 
is FP or CM which let be drawn. Now if we fuppofe the Points 
D and E contiguous, or nearly fo, then will the Line HE be al- 
nioft coincident with FD, and therefore FD will be to CD as H £ 
to CE : but HE is to CE as HI to CM, becaufe the Triangles 
HIE and CMEare fimilar ; that is, the focal Diftance of the Ray 
CE is to the Diftance of the Radiant Point, as the Sine of the 
Angle of Incidence is to that of the Angle' of Refra6tion. 

Obf, I, Whereas the Ratio ^lE to ME, 9r which is the fame 
Siingt that of nD to CD hears the exaS Proportion of HI to CM, 
and hecaufe thisy (being the Ratio of the Sine of the Angle of 
, Incidence to that of the jingle of "RefraBion) is ahwce^s the fame ^ 
the Line In is in all Inclinations of the Ray CE, at the fame 
Difancefrom CM ; confequently had CE been coincident 'withCD^ 
the Point H had fallen upon n ; and becaufe the Circle petjfes 
through both H gnd F, F ovwW alfo have fallen tepon n ; upon 

mfhieh 
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IV". So when converging Rays pafi out of 
a rarer into a denier Medium^ through a plain 
Sur&ce, they are made thereby to converge 
icfi. 

For 

mohich Account thi Toeut rf the Ray C£ ^wtmld have heen tierf^ 

But the Ray C£ heing oblijue to the Surface DB, the Point H is 

atfome htftancefrom n'j and therefore the Point F // necejfariljfl 

too, and the more Jo ly bonjo much the greater that Difiance is : 

from ivhence it is clear ^ that no ttjoo Rays flowing from the ra-- 

diant Point C and falling ijoith different Obliquities on the Surface 

BD,. ivill after RefraStion there ^ proceed as from the fame Point ; 

therfftre firiSly Jpeakingt there is no one Point in the Line DfrO' 

ducedt that can more properly he called the Focus of Rays flanuing 

from C^ than another: for thofe .ivhich enter the ref racing Sur^ 

face near J), twill after RifraSion prneed, as has been obfer*ved% 

from the Parts about n ; thofe which enter near £, *willflow as 

from the Parts about F ; thofe which enter about T, as from 

fome Points in the Line DF produced^ &c. And it is farther to be 

^bferved, that when the Angle DC£ becomes laroe* the Line nF 

increafes apace ; 'wherefore thofe Rays which fall near T, proceed 

after Ref ration, as from a mor/ diffbfed Space^ than thofe whici 

fall at the Jams Diftance from each other near the Point D. IJp* 

on fwhich Account it is ufual with Optical Writers to fitppofe thi 

Diftance between the Points where the Rays enter the plain Surf act 

of a ref railing Medium, to be inconfiderable with Regard to thi 

jOiftance of the radiant Point, if they diverge ; or to that. of their 

imaginary Focus, if they converge : andunlefs there be fome par* 

ticulur Reafon to the contrary, they confider them, as entring thi 

ref racing Medium in a Dire^ion as nearly perpendicular to its 

Surfaces as mat he* 

Cafe 2. Of diverging ^ays proceeding oat of a denfer into a 
rarer Medium^ 

Dem. Let X be the denfer, Z the rarer Medium, FD and FE 
two diverging Rays proceeding from the Point F; and fuppoiing 
the Perpendicular PIC drawn as before, FP will be the Sine of 
the Angle of Incidence of the oblique Ray FE, which in this Cafe 
being rCfradted from the Perpendicular, will pafson in fome Lino 
as £R, which being produced back to the Circumference of tho 
Circle will Cat the Ray FD fomewhere, foppofeiaC, thistherc^ 

C t fiw^ 
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For being all refraded towards their re-? 
Ipc6tivc Perpendiculars, they themfelves arc 
brought nearer to a Parallelifin^ and fo con? 
lelk 

V. On 

fbre will be the imaginary Poais of tHe refta&d Ray ER ; 6n,w 
RS the Sine of the Angle of RefradUon, to whidi HI will be 
equal : but here alfo FP or its equal CM, is to HI, as EC to EH» 
or (if the Point D and £ be confidered as contiguous) as DC to 
DF ; that is. the Sine of the Angle of Incidence is to th^ Sine of 
the Angle of Refradlion, as the focal Diftance to that of the radi- 
ant Points ^E.D. 

Ca/e 3 . Of converging Rays palling out of a denfer MeJtum in- 
to a rarer. 

Dm. Let Z be the denfer, X the rarer Medium^ and GE the 
incident Ray, this will be refra6led from the Perpendicular into s 
Line as EH ; tlien all Things remaining as before, GK, or its 
equal FP, or CM will be the Sine of the Angle of Inddencet 
and HI that of Refradlion : but thefe Lines, as before, are to each 
pther, as DC to DF ; that is, the focal Difomce is to the Difhnce 
of the imaginary Focus, as the Sine of the Angle of Incidence to 
that of the Angle of Refraction. Si^B.D. 

Cafe 4. Ofconverging Rays paffingput of a nrer into a den- 
fer Medium, 

Dem. Let Z be the rarer, X the denfer Medium^ and RE the 
incident Ray 1 this will be refracted towards the Perpendicular 
into a Line, as £F ; C will be the imaginary Focus, and F the 
-real one, HI which b equal to RS, the Sine of the Angle of In- 
cidence, and FP that of the Angle of RefraAion : bat thefe are 
to each other, as DF to DC ; and therefore the (oca! Difbnce is 
to that of the imaginary JFocus, as the Sine of the Angle of Ind- 
cence is to that of^he Angle of Refradtibn, ^ E. D. 

IL When parallel ]|(ays fall upon a fpheriqil Surface of difiet 
rent Denfity, the focal Diilance will be to the Diflance of the 
Center of Convexity, as the Sine of the Angle of Incidence is 
to the Difference between that Sine and the Sine of the Angle of 
|lefra£Uon. 

This Propofition admits of four Cafes. 


/ 
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V. On the contrary, when they proceed 
cut of a denier into a rarer ik&i//i^^, they are 
refiraded the contrary Way, and io made tft 
converge more. 

All 

Cafi f . Qf parallel Rays paffi^g oat cff a rarer into a denfer 
ISidium througn a. convex Sur&ce. 

Dim. LetAB [Fig. i\.) reorefent a convex Sarfkce, Cits 
Center of Convexity ; HA and DB two parallel Rays, pafling out 
of the rarer Heiium X into the denfer Z, the one perpendicular 
to the refra^ing Surface, the other oblique : draw CB, this being 
a Radios, will be perpendicular to the Surfece at the Point B ; 
and the oblique Ray DB being in this Cafe refra£led towards the 
Perpendicukr, will proceed in fome Line, as BF» meeting the 
other Ray in F« which will therefore be the Focal Point : produce 
CB to N» then wHl DBN, or its equal BCA be the Angleof In- 
jpdence, and FBC that of Refradlion. I^^ow, nnUrtas any Angle 
]hu the fame Sim *wiih its Complement to two right ones, the 
Angle FCB heing tht Complement 0/* ACB, which is equal to the 
Angle of Incidencei may here be taken for that Angle ; and 
^erefbre, at th'i Sidts ^f a triangle have the fame Relation t9 
each other's that the Sims of thiir oppojite Angles hofve^ FB hein^ 
eppefite to this Angle ^ and FC heinr oppofite to the Angle of Refrac^ 
tionf they may here be confidered as the Sines of the Angles of 
incidence and of Refradion ; and for the fame Reafon CS may 
^ confidered as the Sine of the Angle CPB, which Angle heifw 
together with the Angle FBC, epial to the external one AlCB 
(32. EL I .) is itfe}f equal to the Difference between thofe twqlaft 
Angles; and therefore thf Line FB is to CB as the Siq^ ^f the 
Angle of Incidence is to the Sine of an Angle which is equal to 
the JKfierence betyi^een the Angle of Incidence and of Refradion, 
Now, becaufe in ^itfy filial} Angles as thefe are, for we fuppofe 
in this Cafe alfp the DilU^ee i\ B/« njonifb^ the Reafon of which 
willhefifewn by and ly, their Sines bear nearly the fame propor- 
tion to each other that they themfdves do, the Diflance FB will 
be to CB as the Sine of the Angle of Incidence is to the Difle- 
iience between that Sine and the Sine of the Angle of Refi:;4£tion if 
l>ut hecaufi B A vanijhes, FB and FA are equalj and therefore FA 
f9 to CA in that f'roportion. ^E.D. 

Obf. 2; 
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All 'Which may be. iUuftrated in the follow* 
tog Manner, i. Let AB, GD^ (i%.5.) be 
two parallel Ray& i^ng on the plain Surikce 


Obf. 2. h tifpears from thi foregoing Dumnftraiion^ thai the 
focal Difiante of the Ohiifue Rajf DB, isfuch^ thai the Line BF 
Aall he io the Line CB or CA as the Sim of the single of Inci^ 
eUnee to the Sine of an Angle f which Angle is ejnalto the J^iffe^ 
rence hetween the Angle of Incidence andRefra^ion ; therefore fo 
long as the Angles BCA, &C. are fmall^ fo long the Line fiP is 
pretty nmchof the fame Lengthy hecanfe finall Angles ha*ve nearly 
the fame Relation to each other that their Sines hofQe, Bui when 
the Point B is removed far from A, fo that the Ray DB enters the 
iurface fupfofe about O, the Armies BCA, &c. becoming /arge, 
the Sine of the Angle of Incidence begins to hear a confiderabfy 
left Proportion to the Sine of an Angle which is equal to the Dif^ 
ference between the Angle of Incidence and Refrakion than hefort^ 
and therefore the Line SF begins to bear a much lefs Proportion to 
$C i wherefore its Length decreafes apace : Upon which Account thoje 
Rays *which enter the Surface about O, not only meet nearer the 
Center of Convexity than thofe which enter at A,- but are colleiied 
into a more diffafed Space* From hence it is, that the ^Potni 
nvhere thofe only vjhich enter near A, arecolle3ed^ is reckoned the 
true Focus i and the Diflance AB in all Demon/irations relating 
to the Foci of parallel Rays entring a Jpberical Surface ^whether 
€onvex or concave^ is fup^fed to vaniih. 

Cafe z. Of parallel Rays pafliDg out of a denfer into a raror 
Medium throagh a convex Sqrface. 

Dem. Let X be the denfer, Z the rarer Medium, Al^ the Sur- 
fece by which they are feparated, C the Center of Convexity, and 
HA and DB two parallel Rays, as before. Through B the Point 
where the oblique Ray DB, enters the rarer Medium draw the Per'* 
pendicular CN ; and let the Rav DB^ being in this Cafe refrafted 
from the Perpendicular, proceed in the.Dire£Uoh BM ; produce 
$]Vf back to H ; this will be the imaginary Focus, and DBN, or 
its equal ACB will be the Angle of Incidence, and CBM, or it^ 
equal HBN (for they are vertical) that of RdPradion ; produce 
DB to Land draw BPfuch, that the Angle LBF may be equal to 
DBH: then becaufe NBDand DBH together are equal to NBH 
fhe Angle of Refra£(ion, therefore BCA which is equal to the fii:fl:, 
|is4 LBf* which is equal tothefecond, are to;g^er equal to the 

Angle 
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£F cS a MiSum of a different denfity : noW 
becaufe they both make equal Angles of Inci- 
dence with their reipediye Perpendiculars GFT, 

IK 

Angle of Aefira^on ; bat LlBF is eqaal to BFA (as being alter* 
nate to it) confec^uently BFA and BCA together are eqaal to the 
Angle of Refradhon I and therefore iince one of them, if/x. BCA 
is tx^9sX to the Angle of Incidence, the other is the Difference be- 
tween that Angle, and the Angle of Refradion. Now FB the 
Sine of the Angle FCB, or which is the fame Thing, of its Com- 
plement to two right ones BCA, the Angle of Incidence, is to 
CB the Sine of the Angle BFC, as FB to CB, that is as HB to 
CB ; for the Angles DBH and LBF being equal, the Lines BP 
and BH are fo too ; but the DiAance BA vaniihing, HB is to CB j 
as Ha to CA : that is, the Sine of the Angle of Incidence is to 
the Sine of an Angle which is the Difference between the Angle 
of Incidence and Refradtion, orbecaufe the Angles arefmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refhdiion, as the Diftanceof the Focus from the Sur&oe 
is to that of the Center from the fame. ^E. D. 

Cafe 3. Of parallel Rays paffing out of a rarer into a denfer 
Midium through a concave Surface. 

Dem, Let X be the denfer Medium having the concave Sur&ce 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paiTed out of a rarer into a 
^enfer Medium^ as in Cafe the firft, it was refraded into the Line 
BP, this Ray LB having the fame Inclination to the Perpendicu- 
lar, will alfo fuffer the fame Dcjgree of Refradlion, and wul there- 
fore pafs on afterwards in the LineFB produced, nj.g. towards?. 
So that, whereas in that Cafe the Point F was the real Focus of 
the incident Ray DB, the fame Point will in this be the imagi- 
nary Focus of the incident Ray LB : But it was there demonffra- 
ted, that the Diftance FA is to CA, as the Sine of the Angle of 
Incidence is td the Difference between that and the Sine of the 
Angle of Refradion, therefore the focal Dlfbmce of tfae^refrac- 
ted Ray BP is to the Difbmce of the Center of Convexity in that 
Proportion. ^E,D. 

Cafe ^. Of Parallel Rays paffing out of a denfer into a rarer 
Medium through a concave Surface. 

Dem. Let X be the rarer Medium^ having the concave Surface 
ABy and let LB and FA be the incident Rays, as before. Now 

whereat 
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IKy bf£>re Refra^kion, they will make equal 
Angles of Refradion with them afterward^ 
and fo proceed on in the parallel Lines BL 

DM. 

whereas, when DB was the incident Ray. paffing oat of a denfer 
into a rarer Miditm^ it was refraded into BM, at in Cale the 
fecond, having « Point asH in the Line MB prodooed ibrilt 
imaginary Focus i therefore LB, for ehelikeReafonatwarpveii 
in the hifl Oife* will in this be refraaed into BH» hnriitt the 
lame Point H for iu real Focus. So that here alfo t^ FocaiDiC^ 
ttnce will be to that of the Center of Convexity, as the Sine of 
the Angle of Incidence is to the Difierence between that and the 
Sine of thcAngle of Refra&on^ ^ E. D, 

III. When diverging or converging Rays enter into a Midium 
of difierent Denfity through a fpherical Soriace, the Raii$ com- 
pounded of that which the focal Diftance bears to the Diftance of 
the Radiant Point (or of the imaginary Focus of the incident llays, 
if they converge) ; and of that^ which the Diftance between the 
lame radiant Point (or imaginary Focus) and the Center, bears 
to the Diftance between the Center and die Foci^s, is t^ixil to the 
Raiio^ which the Sine of the Angle of Incidence b^s to the' 
Sine of the Angle of RefrafUon. 

This Propofition admits of ft z teen Cafes^ 
Cafe I. Of diverging Rays pafiing out of a rarer into a denfef 
Medium^ through a convex Sur£ice, with fuch a degree of Diver- 
gency, that they fliall converge after RefraAion* 

Dem» Let BD (Fig, 1 2.) reprefent a fpherical Sur&oe* C iti 
Center of convexity, and let there be two diverging Kays AS 
and AD, proceeding from the radiant Point A, the one perpen* , 
dicular to the Surface, the other oblique. Through the Center C 
produce the perpendicular one to F, and draw the Radius CB 
and produce it to K, and let BFbe the refraded Ray ; then will 
F be the focal Point ; produce AB to H, and through the Point F 
draw the Line FG parallel to CB. AB being the incident Ray» 
and CK perpendicuuir to the Surface at the Point B, the Angle 
ABK, or which is equal to it, becaufi of tbi'pairalUl Litus CB 
mnd FG9 FGH, is the^Angle of Incidence. Now whereas tbi 
Complement of uny Jingle to two right ones has the fame Sine - 
with the Angle itfelf^ the Sine of the Angle FOB, that being the 
Cemflement of FGH to two right ones, majf be confidereiai tbt Sine 
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DM. n. Let the diverging Rays AB, AE^ 
AF, (JRg. 6.) pafs out of a rarer into a den- 
ier Me^rn^ through the plain Sur&ce GH^ 

and 

rftbi Atigli »/ IncUineei which Sine the Line FB, as the Sidn 
•fa friai^i have thefanu Relation to each other, that the Sines 
9fH^ir ofpofiie Angles have, may be taken for. Again, the An* 
Igle <PBC is the Angle of Refradion, or its eqoal, beeaufe altera 
nate to if, BFG» to which BG heing an offofite Side, may be 
looked upon as the Sine. Bat FB is to BG in a Ratio compounded 
of FB to BA, and of BA to BG, for the JRatio that any tvo$ 
*^uantitiis bear to each other, is compounded of the Ratio, which 
the fir ft hears to asep other, and of the Ratio nnhich that other bears 
to tbefecond. Now FB is to BA, fuppofing BD /• vanifi, as FD 
to DA; andBAistoBG, hecaufe of tHe parattel Lines Q^ and 
FG, as AC to CF. That is, the Ratio componnded of FD, the 
focal Dijlance, to DA, the DiJUmce of the radiant Point, and of 
AC, tie Difiance between the radiant Point and the Center, ta 
CF, the Dtjlance between the Center and the Focus^ is equal to 
that which the Sine of the Ai^e of Incidence bears to die Sine 
of the Angle of Refra^on . ^B.D^ 

Ohf. 3. Whereas the focal Difiance of the oblifne Hao AB is 
fiuh^ tiai the componnd Ratio ^ FB /» BA and of AC to CP 
fiaUbethefami, whatever, be the Difiance between Band D; it 
is evident^ that fince AC is always of the fame Lengthy the 
more the Line AB lengthens, the more fE muft lengthen too, or 
elfi FC mn/i fihrten ; but it appears by htj^aion of the Figure^ 
thai if Vi lengthens, CFwiu do Jo too, and in a greater Pro* 
portion with reJpeB to its own Length than BF wiU, therefore the 
Lengthning of BF will conduce nothing towards preferving the 
Bfualitytf the Preportion: but as A§ lenzthens, BF and CF , 
mufi both Jborten, which is the onfy poffihU H^ay wherein the Pro^ 
portion may be continsted the fame. And it is alfo apparent^ thai 
the farther B me^uesfrom D, towards O, thefafier AB lengthens, - 
emd therefore the farther the Rays enter from t), the nearer to 
the refraSis^ Surface is the Place where they meet, but the Space 
they are colle8ed in, is the more difBifed : And therefore in this 
Cafe, as wettas thofe taken Notice of in the two foregoing Obfirva' 
iions, different Rieys, though flowing from the fame Point, fi^all 
confiitute different Focos^s ; and none are fo tSk&xaX as thofe 
wiich enter at or very near the Point D* And fince the fame is ob- 

D fervtUe 
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and let the Ray AB be peiTpendicular to. that 
Surface ; the reft being refraded towards their 
reipe£tiye Perpendiculars EK^ FMy viU pro- 
ceed 

/irvmUi §f e§0Virgit^ mt nmll m ^divirging Ra^f nam ixt$pi 

$brfi vDbieb enter ^ery n$ar that Pointy are mjuaify taken into Cam^ 

JUerati$n; uptn which 4ccmime it is^ tltat the Diftance DB,. in i§^ 

iirmining the focal Diftances 9f diverging or converging Raj^j gj^ 

^'!S ^ ^^^^* ^ concave Surface^ is fuffofed to vanish. 

Thofe who would fee a Method of determining the precife PoinI, 
which the Ray AB, whether it be paraliel, converging, or diverg* 
Ing to the Raj AF, converges to* or diverges from after Refradlios 
at B or any; other given Point in the Surface DO, may find it in 
the Appendix to Molinenx^s Optio, which for the SaKe of chofe 
' who have not that Book, I dull fubjoin at the End of this Note. 

Ca/e 2. Of converging Rays paffing out of a rarer into a denfer 
Medium through a concave Surface «vith fuch a degree of Conver- 
gency, that they fhall diverge after Refradion; 

Dem, Let the incident Rays be HB and l^D paffing out of a 
jarer into a denfer Medium through Khe concave Surface BD, and 
tending towards the Point A, from whence the diversin^ Rays 
flowed in the other Cafe; then the oblique Ray HB having its 
Angle of Incidence HBC equal to ABK the Ande of Incidence in 
'the former Cafe, will be refiraded into the Line BL fuch, that its 
refraded Angle KBL will be equal to FBC the Angle of Re&adion 
> in the former Cafe ; that is, it will proceed after Refra£lion in the 
.lane ¥E produced, having the fame focal Diilance FD with the 
diverging Rays AB, AD, in the other Cafe. But, by what has 
*been already demonftrated, the Ratio compounded of FD, the 
focal Diftance^ to DA, in this cafe^ the Diftance of the imaginary 
Focus of the incident Rays, and of AC, the Di fiance between the 
fame imaginary Focus and the Center ^ to CF, the Diftance betnueen 
the Center and the Focus j is equal to that which the Sine of the 
Angle of Incidence bears to the Sine of the Angle, of Refradion. 
^B.D. 

Cafe 3. Of diverging Rays paffing out of a rarer into a denfer 
Medium through a convex Surface with fuch a D^ree of Diver- 
gency as to continue diverging. 

Dem. LetAB, KD{Fig. 13.) be the diverging Rays, and let 
their Divergency be fo great, that the refrad^ Ray BL fhall alfo 
fbverge from the other j produce LB back to F which will be the 
fccal Foioc i draw the Radius CB and produce it to K, produce 

. BA 
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cced in the Dii«ftions EN and FO, diverge, 
ing in a lefi Degree from the Ray • AP, than 
they did before Refra^ion^ 5^ Had they pro- 
ceeded 

B A likewife towards G, and draw FG parallel to BC. Then will 
ABK be the Angle of Incidence, whofe Sine BF may be taken for, 
as being oppofite to the Angle BGF, which is the Complement of 
the other to two right ones. And LBC is the Angle of Refia6tit>ny 
or its eqnal KBF» or which is equal to this, BFU, as being alter- 
nate; therefore BG the oppofite Side to this may betaken ^r the 
Sine of the Angle of Refraaion. But BF is to BG, for the like 
Reafon as was given in Cafe the firfl, in a Rath compounded of 
BF to BA. and of BA to BG. Now BF is to B A, (DB vanifliing) 
as DF to DA, and becaufeof the parallel Lines FG and BC, the 
Triangles CBA and AGF are fimilar« therefore B A is to AG as 
CA to AF^ confequently B A is to BA together with AG, that », 
to BG, as CA is to CA together with AF, that is, to CP. There^ 
fore the Ratio compounded of DF the focal Diftance to DA the 
Diftance of the radiant Point, and of CA the Diftance between' 
the radiant Point and the Center, to CF the Diflance between the 
penter and^he Focus, is equal tothat which the Sine of the Angle 
of Incidence bears to the Sine of the Angle ofRefradtion. ^E,D, 
Cafe 4. Of converging Rays paffing out of a rarer into adenfer 
Medium through a concave Surface in fuch Manner that they ihall 
Continue converging. 

Dem, Let HB and CD be (he incident Rays paffing but of the 
rarer into the denfer Medium through the concave Surface BD,' 
imd tending towards A the fame Point from whence the diverging 
Rays flowed in the laft Cafe. Then iecaufe the Ray HB has the 
fame Inclination to the Perpendicular CK'that AB had before, it 
will fuiFer the fame Degree of Refradiion^-and pafs on in the Line 
LB produced, having its Focus F at the fame Diflance from the 
refracting Surface as that of the diverging Ray AB in the other 
Cafe. Therefore, tsfr. ^E.T>, 

Cafe 5. Of diverging Rayspafling out of a denfer into a rarer 
Medium through a convex Sur&ce. 

Dem, Let AB, AD {fiz' 14.) be the incident Rays paffing| 
put of a denfer into a rarer medium through the convex Surfacer 
BD whofe Center of Convexity is C ; and let BL be the refradied 
Ray, which produce back to F, and draw FG parallel to CB. 
^cre ABK is the Angle of Incidence, (0 which its alternate one J 

D % FGB 
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eeeded out of a denfer into a rarer Medium^ 
they would have been refraded from their Per- 
pendiculars EK, FM, and therefore have di- 
verged 

FGB being ranal, FB the oppc^te Side may be confideredas die 
Sine of it. The Angle of Rdradlion is LBC or FBK, of which 
•fiFG being the Complement to two right ones, BG the eppofite 
Side may be looked apon as its Sine. Bat BF is to BG^ in the 
compound I^atio of BF to BA and of B A to BG for the Reafon 
given above. Now (BD vaniihing) BF is to B A as DF toDA^ 
aqd BA is to BG as CA to CF. That is, the Rath compounded 
of the focal Diftance to the Diilance of the radiant Point. &r. 

Cafe 6. Of converging Rays pafling oat of a denfer into a rarer 
Medium through a concave Surnice. 

Dem. Let HB, CD. be the incident Rays tending towards the 
Point A which was the Radiant in the laft Cafe, 'jnien, few the 
Reafons already given, the oblique Ray will fufier fucha Degree 
of Refradion, as to have iu Focus F at the fame Difiance from the 
Surface, as the diverging Rays AB, AD had in that Ckfe. There- 
fore, ^c. ^ E. D. 

When the Mediums through which Rays pafs, and therefrafting 
Surfeces are fuch, that Rays flowing from A (Fig, 12.) are col- 
Icfted in F, then Rays flowing from F through the fame Me- 
diums the contrary Way, will be collcded in A. For when Rays 
pais out of one Medium into another, the Sine of the Angle of In- 
cidence bears the fame Proportion to the Sine of the Angle of Re- 
fradion, as the Sine of the Angle of Refi-adion does to the Sine 
of the Angle of Incidence, when they pafs the contrary Way. 
This is applicable toeach of the fix following Qifes compared re- 
fpcftively with the fix foregoing ; therefore they may be confidered 
as the Converfe of them ; or they may be demonftratcd indepen- 
dently of them, as follows. 

Cafe 7. Of diverging Rays paffing out of a denfer into a rarer 
Medium throaeh a concave Surfi^e, fo as to converge aifterwards. 

Dem. 1« AB, AD [Fig. 15. J be two diverging Rays pafling 
through the concave Surface BD into a rarer Medium. Let C be 
the Center of Convexity, and BF the refriafted Ray. Draw CB 
and produce it to K, and draw FG parallel to it meeting AB pro- 
duced in G, Then will ABC be the Angle of Incidence, of which 
FB being oppofite to its alternate and equal Angle FGB, may be 
confidered as the Sine. The Angle of Refra^on is FBK, of which 
* GB 
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verged more than before. 4. Let the coor 
verging Rays AB, CD, EF {Ftg. 7) pafe 
cut of rarer into a denier Mediumy through 

the 


GB1)eing oppofite to its Complemaiit to two right ones GFB, may 
be taken for the Sine. Now FB is to BG, in a Ratio compounded 
of FB to BA» and of BA to BG. Bat (BD vanifliing) FB is to BA 
as FD to DAy and becaafe of the parallel Lines CBand FG, BA 
18 to BG as CA to CF. Therefore the focal Diilance, b^c.^B.D. 
Ca/i 8. Of converging Rays paffing oat of a denfer into a rarer 
Medium throagh a convex Surface, fo as to diverge afterwards. 

Dim. Let GB and FD be the incident Rays tending towards 
A, and produce FB to L. Then as AB in the laft Cafe^watrefiraft* 
cd into 6P, GB will in this be refraded into BL, for the Rca- 
fons already given^ having F for its focal Point. Therefore, &c. 
^E.D. 

Cafe 9. Of diverging Rays pafling out of a denfer into a rarer 
Mtdiim throv^h a concave Sarnoe, m fodi Manner as to concinoe 
diverging. 

Dm. Let AB, AD (F/V. i6.) be two Rays paffingoot of « 
denfer into a rarer Mtdium^ urough the concave Sar&ce DB who(e 
Center of Convexity is C. Draw CB, produce it to K, and let 
BL be the refra£led Ray, produce BL back to F, and draw FG 
parallel to CB meeting BA product in G. Then will ABC be 
the Andeof Incidence, of which FB being oppofite to its alter- 
nate and equal Angle FGB, may be confidered as the Sine. The 
refraded Angle is LBK, or its equal CBF» of wUch BG being 
oppofite to its Complement to two right ones BFG, is the Sine. 
iNow BF is to BG in the compomid J&#Mof BF toBA andof BA 
toBG: butBFistoBAasDFtoDA;andbecaafeofthepand- 
lei lines CB and FG, the Triangles BCA, AGFarefimilar, there- 
fore BA is to AGas CA to AF, and oonfequently BAb toBGas 
C A to CF. Therefore, {jTr. ^B.D. 

Cafi 10. Of €onvei]ging Rayd paffing out of denfer into a 
rarer Mtdittm through a convex Sumoe, in fuch Manner as to 
continue converging. 

„ Dem, Let HB, MD be the incident Rays tending towards the 
Ptoint A. Then will the oblique Ray HB for the Reafons al- 
ready' ^ven be refraaed into BF. Therefore, (Stc, ^ B. D. 

Ca/k. II. Of diverging Rays paffing out ofa rarer into a denfer 
Midium through » concave Surface* 

Dem 
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the plain Sur&ce GH, and let the Ray 
AB be perpendicular to that Sarike, then 
die other R^y$ being refiraded towards their 

rcfpedive 



Dm. Let AB, AD (Fig. 17.^ be the inddent Rays paffing out 
of a tarer into a deafer Meditm^ chroogh the concave Siiriace Ni 
Whofe Center of Convexity is C, and fuppofiag |he LiaeCB drawn 
and prodooed to K, the refraoed Ray BL orawn and produced 
back to F, and alfo FG drawn parallel 10 CB> ABC will be the 
Angle of Incidence, of which FB being oppfite to its Comple- 
ment to two right ones BGF, is the Sine. The Angle of Refrac- 
tion will be LBK or its equal FBC, of which BG Ming oppoiite 
to its equal and alternate one BFG, is the Sine. Now T^^ is to 
BG in the compound Ratie of F Bto B A and of B A to BG. Bat 
(BD vaniihing) FB u to BA as FD to DA, and becaofe of the 
parallel Lines FG and CB, BA is to BG as CA to CF. There- 
fore, &r. !^E.D, 

Cafi 1 2. Of conver^g Rays paffing out of a rarer into a dea- 
fer Medium through a convex Sur£ice. 

Dim. Let HB^ MD be the incident Rays ten£ng towards A 
the radiant Point in the lail Cafe ; then, as was explained above^ 
BF will be the lefiaaed Ray. Therefore, &r. ^. E. D. 

Caft 13. Of Rays paffing out of a depfer into a rarer Medium, 
fiom a Point between the Center of Convexity and the Surfitcc. 

i^ai»LetAB« AD (Fig-. 18.] be two Rays paffing out of ^deni^ 
fer into a rver MUium from the Point A, which let be pofited 
between C the Center of Convexity and the refra£ling Surface BD s 
through B draw CK, and let BL be the refracted Kay ; produce 
BL back to F and draw FG poiallel to BC. Then will A BC be 
the Ai^e of Incidence» of which BF being oppoiite to its Comple- 
ment to two right ones BGF, is the Sine. LBK will be the An- 
gle i^R^raftion, or its equal FBC» of which' BG being oppoiite 
to its alternate and equal <me BFG^ is the Sine. But, as before^ 
BFis to BG in a compound Rutio of BF toBA andof BA toBG ; 
and (BD vaniihing) BF is to BA as DF to DA, and becaufe the 
Lines CB and FG are parallel, BA is to BG as CA to CF« 
Therefore, He ^ E. 2). 

Ca/i 14, Of Rays paffing out of a denier into a rarer Mtdium 

towards a Point between the Center of Convexity and the Sur£iCe. 

Dim, Let the incident Rays be MD, HB, tending towards A 

from whence the other proceeded in the laft Cafe. Then as in 

that 
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xefpedive Perpendiculars DK, FM, will pro* 
cced in the Direftions DN, FN converging in 
a lefs Degree towards the Ray AN, than they 

did 


tlut Cafe the refradted Ray BL being produced back pafTed through 
F> in this the refrsf^ed Ray itielf, for the like Reafons aswere 
fiiyen in the foregoii^ Cafes, will pafsthiongh that Point. There- 
fore, fcfr. ^E. D. 

Cafi 15. Of Rays paffing out of a rarer into a denfer Medium 
from a Point betwten the Center of Convexity and the Surface. 

Dim. Let AB, AD (Fig. 19.) be two diverging Rays paiSng 
out oiB, nrer into a denier Medium through the refradting Surface 
BDy whofe Center of Convexity is €, a Point beyond that from 
whoice the Rays fiow. Through BdrawCK, and lee BL be the 
refeidled Ray, produce it back to F» and draw FG parallel to BC 
meeting 6 A produced in G. ABC will be the Angle of Incidence^ 
of which BF being opposite to its alternate and equal Angle BGF, 
is the Sine. The Angle of Refcadion is LBK or its equal FBC 
of which BG being oppofite to its Compknient to two right ones 
BFG, is the Sine. But BF is to BG in the compound Ratio of 
BF to BA and of BA to BG ; and (BD vanifiung) BF is to BA 
as DF to DA, and becaufe of the parallel Lines CB and GF, the 
Triangles AFG and ABC are fimilar, B A therefore is to AG as 
CA to AF, confeqnently B A is to B A and AG together, that is, to 
BG, as CA is to CA and AF together, that is, to CF ; and there* 
fore the focal Diftance, iffc. ^ E. D. 

, Cafe 16. Of Rays paffing out of a rarer into a. denfer Medium 
towards a Point between the Center of Convexity and tlie Surface. 

Dtm, LetHB* MD be the incident Rayr having for their ima- 
ginary Focus the Point A which was the Radiant in the laft Cafe, 
and let C jthe Center of Convexity of the refrading Surface be 
polited beyond this Point. Then will HB, for the Reafons already 
given, be refracted into BF, having the Point F for its real Focus 
which was the imaginary one of the diverging Rays AB, AD in 
the former Cafe. Ther^ore the Ratio compounded of that which 
the focal Diftance bears to the Diilance of the imaginary Focus of 
the incident Rays, and of that which the Diftance between the 
.fome imaginary Focus and the Center, bears to the Diftance be- 
tweoi the Center and the Focus, is equal to the Ratio which the 
Sine of the Angle of Incidence bears to the Sine of the Angle of 
Refraaion. ^ E. D* 

The 
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did before. 5. Lafily, had the firft Ji^<^«Mi 
been the denfer, they would have been refi-adfed 
the odier Way, and therefore hare conFerged 
more. 

VI. When 

The firft Term in the foregoing Proportion (<vf s. that in Pro- 
pofition the 3d of this Note) being always an nnknoim Qoantity, 
thoTe who are not well verfed in the Ufe of fach Propofitionf « may 
think it impoffible to inveftsgate the fecal Diftance of any refraft- 
ing Surface by it : I (hall therefore exemplify it in the kViomMt 
InBance, by which the Manner of doing it in all othen wiU 
clearly be nnderftood. ^. g. Let it be required to determine the 
focal Diftanceof diverging Rajrs paffing out of Air into Glaft 
through a convex Surfiice» and let the Diftanoe of the radiant Point 
be 20, and the R4utiut of Convexity be 5: Now becaofe wemuft 
make Ufe of the focal Diftance bdoreweknow tt» let thatbeex- 
prefledbyfomeSymbolorCharaderas^r: Then, becaufebythe 
afefefaid Propofition the Raih compounded of tlnit whichdie fe- 
ed Diftanoe bears to the Diftance of the radiant Point (that is in 
this Soppofitiony of jr to ao) ; and of the Raih which the Diftance 
of the lame radiant Fbint from the Center bears to the Diftance be« 
tween the Center and the Focos (in this Cafe, of 25 to x — 5) it 
equal to the Rath which the Sine of the Angle of Inddence bars 
to the Sine of the Angle of Refiadion f^that is, of 17 to 1 1^, we 
IhaU have in the Inftanoe befere us, the following Proportion, v/». 

"^'-'^ l::i7:ii, and compomiding them into one, 

which is done by multiplying the two firft Parts tether, we have 
2 j;r : 2o;r— ICO : : 17 : 11, and multiplying the extream Terms 
and middle Terms top^ther, i^x — 1 700=527 54:, which Equa- 
tion after due Redudion gives ^vsa^^-^. 

In fome Cafes which might have been put, the Quantity 6 j 
would have been negative, and then the Quotient anfing from 
1700 divided by that, would have been fo too ; that is » the focal 
Diftance would have been Negative, in which Cafe the Fuut muft 
have been taken on the contrary Side the Sur&oe to that on which 
it vras fnppofed to £ill in ftatin| the Problem ; that is, it-muft 
have been taken on the fame Side with the railiant Point, for in 
calling the Diftance between the Centerand the Focus x — 5 it was 
fuppoMd the Fa€9u would fidl on the fame Side with .the Centet» 
cr 90 that which is oppofite to the radiant Point, becaufe otherwife, 

tha 


1 

i 


r 
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YI. .When Rays.prof'eed out^oi a rarer in- 
to a dehfer Me/fium. through d CofiVex Sur^.. 
facc,/if they, .arc parallel before Reiraciioi;i,' 
. they become con *^'ergin^ afterwards. ' *' * 

•^ . For 

that Diftance. muft have K6en exprefled by y -[-5 , ^s any ori^ may 
fee by. Infped^ipr; of the 1 3 th or 1 4th Figure, in which the Focus 
of diverging Rays entringa convex.'Surfaee, 16 fuppofedto fallen 
the fame Side with the radiant Point. ^ . ' 

In like Manner as this Problem vvas perfornied, a getieral The- 

j orefn may be raifed to folve it in all Cafes whatfoeve'r, by lifing 

Charadecs inikad of Figure^'! fa every one who is not unacqaain- 

ted i^ith algebraic Operations very well knows. , 

i . See this done, and applied to; the PafFage of Rays.thrx>ugh the 

Surface of Lenfes in the {<^copd Note to the following Chapter. 

' » * • • ^ 

A Method of determining thelPoint which a Rdy, eritring a fphc- 
rical Surfe.ce at any given Diftandfc from the Vcrte^of it, converges 
to or diver^ from afcer Refraiftiox^ at the {nmQ/Jromthe Append 

</i> /tf Molineux's Dioptrics, 

. *• Prof, i find the Focus of any Parcel of ^y%dt'vergittgfrimi\ 
** Qr canHjerging to a given Point in the Axis 01 k *j^htricai Lens 
V [Surface] and inclined thereto under the fanrtf',A<iglc ; th6 
** £atio of the Sines in Rrfradtion being known!' * r' 
- •• Let GL (Fig. 20 ) be the Lens^ P any point in hs Sur&ce^ 
•* V ih« Pole [Vertex] thereof* 'C the Center of the Sphere 
'*\ whereof it is a Segment, , Q the Objeft or P6iiit in the Axis to 
** or from which the Rays do proceed, OP a given Ray ; and lek 
^* the Ratk of Refraftion be as r to j j make CR to, CO as / to /* 
•« for the Immerlion of a Ray, or as r to / for the Emerfion, (that 
.** IS, as the Sines of the Angles in the Mediusnvfhxch the Ray en> 
*f tersy* to their oorrefponding Sines in the Medium oiit of which 
1 «* it coxnes) and laying CR from C towards O, the Point R fhall 
• '*^ be, th^ fame for all the Rays of the Point O. Then draw the 
«< Radius'PC (if Need be) continued, and with the Center R tuid 
«• iDiftanceOP'fwcep a Touch of an Arch interfering PCinQj 
*^ the Line QfL being drawn fliall be parallel to the re&aded Ray, 
'j atid PR being made parallel thereto, fhall Interfedl the Axis in 
«* the Point F, which is the Fi^«j fought. Or make it as CQ^ 
*• CP :;: 04 J ^F. ariJ^V/ fliaU be the Diftance of the Focus 
'♦'fromtbeXente^ of the Sphere'. , • 
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For in this Cafe, the Perpendiculars at the 
Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity oft 

the 

Dtm, Let fall the Perpendiculars PX on the Axis, CYonthe 




"^ fivcn ^y^ and CZ on therefraaed Ray. By the Cbnftm^ion 
•* PF and (^ are parallel, whence the Triangles QRC and PFC 
*' are fimilar, and CR to QR, as CF to PF, that is CR to OP as 
•« CF to PF. Now CF : PF : : CZ : PX 9b fimilia 7riang. 
" whence CR : OPiiCZ : PX, andCR : CZ : :OP : PX. Ag^^ 
'• CR is to CO as the Sines of Refradion by Conftru^on, that 

^ i9» as i to r, or rto /; and asCR to CZ, fo (CO s=) JL or 

s r s -» 

*' T^CR to 7 or^CZ, and fo 18 PO to PX-.Butaa PO to PX, 


i 


" foCO to CY. Epg9 CY=:— or — CZ. that is, CYtoCZisai 


s r 


** the Sines of Refra£Uon, but CY is the Sine of the Angle of In- 
•* cidence. and CZ of the re&aded Ang|le. Ergo cmfiat Prop^- 

** Hitherto we have confidered bnly ol/ijue Jbiys ; it ncrw re* 
** mains to add fomething concemmg Ra^s faraUei to the JJHsi 
*' In this Cafe the Point u muftbe confiderra as infinitely difbnt. 
•< and eoofe^ntly OP, OC, and CR are all infinite ; and OP 
^« and OC are in this Cafe tb be accounted as always equal, (JinGe 
" they difer but by a Part ofthe RaJiuf of the 6phefe OPVL^ 
<' which is no Part of either of chem) wherefore the Haiia of CR 
** to Oi^ will be always the fame, *vi%^ as / to r fi>r iinmerging 
** Rays, and as r to i for thofe that eriier^. And by this ftopo- 
** fition CF is to PF in the fame Rath. It remains dierefore to 
•* fhewontheBafeCPhowto find all thel^nglesCPP, wfadrih 
*• CF is to PF in the Ratio given by the De^ee rf ftefraaHDh. 
*• This Problem Has been very fully Cdfifideiied by tUe tcMxaiecl 
«* Dr. WallU in hislateTreatifeof Afgeba, {>. 259, tdtvUdi t 
y refier ; but I muft here ret>eat the CStifirndtion thereof. See 
«• Fit. 21 and 22. 

"LctGfVLbcal/w, VC or PC the J?«dfirtfj^ofib Sphere, anfl 
«' let it be reaiured.to find all the Poihts j^ /, fuch, as Q/naj fe 
** toVf in the given Ratio of / to r for Immerging Rays, or aa 
^* rtos&x the emerging. Divide CV in K, and continue CV to 
«« F, that CK may be to VK, ^ndCP to VFinthrpropofedXtf- 
*' ii0. Then divide KF equally ia the Point a, and with that 

« Center 
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the other Side ; and therefore, as the Rays 
are refiraftcd towards thofe Perpendiculars, 
they are neccflarily refraded towards each 
other, and thereby made to converge. 
' Let it be remembered^ that in the foregoing 
Cafe and in aXl others where R^s are fatd 
to fafs through a convex or concofoe • Surface^ 
the Surface ts fuPfofed to belong to that Me^ 
4ium, into which the Rays enter ^ not to that 
Wit of which they fafs. thusy when Rays 
fafs oM of a denfer Medium that has a con^ 
vex Surface into a Vacuuip, th^ ^efaid to 
fafs tbroygb a concaw Surface^ the Surfaco 

fthe. Vacuum htio ^hichthey enter in that 

JafOy being fuch. 
yll. If they enter diverging, then for the 
fime Rcaibn, tihey are made to diverge lefs^ 
to be paralld, or to converge, accdrding to 


«*G^ter Amp the (Side PKF; thii Oecl^ bdag drawn ^Vjes 
•fictMyM the Arf of ^ pmU^ lUvt OP, OP. For havinff 
«' coQtinped CP till it interfea tbe Cinje m F, PF AuR be always 
^ eqnal to V/the Diftanee otiHi tkuMcftuch fripefttve F^rodt 
'< or Rays OPfioom tbe Vmot or P^ oTHk iens., , 

*' To dfiwoBftraty? this, diaw thepridkt line VF, imd by what 
«< is delivered by Dr. ^ailb in the above<it^Phce, VF and CP 
«< wHl be always in the faiAejmpaM£ki//#.Ajnfa^ V^^beiiig 
<f naik equal to PJc^ CF fM ^ will be likewiTe equals asere 
<< C?, VCs and the Angles PQ/; VCPbein|A/<v/r/fV>«r are alio 
'< equal : Wherefo'e 1^ will be emal to VF, ' and eonfeqnendy 
^ Q^io Ifm the ftme Bafi0 as.CF to VF, whence, aqd by what 
<* fenqpts, tbe Points/, /, ane the ioneral nfy^&ife JFki of thq 
••fcveralParcdfofRays, OP, OP. ^f.D.— . 

If any ane wooU fee how this is to be applied m aO othor In« 
Heel, liclnk]r mdidt d« Pbce. 

S a the 
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%he Degree of Divergency they h^ve before 
they enter. . ,t:. 

For if they diverge very much, their being 
bent towards their refpedive Periicndiculaps in 
|>affing through the Suxface^. .^pay oijiy, difiimifi^ 
their Divergency i whereas,, if they, diverge iij 
a finall Degree it may make them parall^J^ or 
cvep xp cQn verge. What Degree of JDiverigency; 
or Convergency before Refradion in this and^ 
the foUpjving Cafes, is necpffary torrjak^^^ays 
bf cQojc^pftjraJlel, wiil be ^e wn^at Se&op the 

J7tb of thip Chapter. . , . * ^; . / , 

'. .yiXL.. ,tf tjiey cotry^rgp.jin ^ucl>:j^njwf ^; 
to tend diredly towards the Centet;^c^ Cpn-^ 
ydxity. befcjBe they qq(;qfjt^,Sur/a^^^^^ 
pwith thi^k licfpeiaij^.j^^rpen^lcul^j^^^^^^ 
wfs oa :tft tjie ^ Cei)tw, ,vN(j|h9i} t ^ fef^^Wg^ sny^ 
Refradion. ^ 

IX. Iflth^y convergeitefstban theif Pei?p^^ 



by Refra^iqn to eonvcfge more ; and .if they 
converge tnjki^^^^^ that 

is, if ihpyjtend toward^! ^Poipt bctvyeeq 'the 
(!]enter and the Surface, f^ by being rdratted- 
towards .thipm^ theyiarj^made'to conYe^^ 

Thm and' the thre^-'fof agoing JBropofitions- 
fn^y 'b0''itljai|fated in^tft?jfollQwing'-jy^ 
I. Let AB, CD (J/^/ ^.) be two parallel 
RayjS' -entfing^adenfert: Me/^m thrpugh .the 
gpHV?:)? Surface DB, whole Gentcr> ^.Gdnvcx- 


•«>• w 


ity is E; 'arid let one of th'p(e, viz. AB be'fier- 



ceea in lome Lrinq. as junj. convergi ^ 

tlje other Ray^ and fri6,eting it in Q^-%hich 
Pbiotfo?tha't"Reafon Jsailfed the i^iJijii'^ ' 'i'/ 


or, to ,con verge. 3 . 'Let^e Line ED 1ieJjroi» 
diiiied to f,, di>a if the Ray hid dohwfgW/% 
as.to'have'ciycribed th^%iri6'FD, it ^Jy'ouM 
then have Ibijeh .'comcidcftt' With its Pcrj)'ejldibci- 
la^, . and have futfered ho'RfefraftioA at all, ,' 4. 
if'it had ypdee^ed frbra'a'njr Point betw^eri-,G 
aftid F, astrdm H, qr whtijh, ij the fame TKIfjg, 
to«raWs'any t>6iht beyoncl E iti the 3^ine BE 
produced, .it would have been made' tor con- 
verge mb*re^'";b^ being' refhifted tovi^rds tlie 
PerpendiciiTai DE, which converges more thari 
it j and hai It proceeded from ibmc Point, a^ ' 
I,' on ^he'otiier '.^ide F, t|iat is, towai'dsany" 
Pxjint betweeft.'B' and E, it . yould then have 
converged! mplre'than its,PerpehdicuIar,'aad Ib^ 
b^^iig refradedj, towards lit;, '^ould have beea 
made to haiVf cibnverged leils;'' ' * ..' ' 

X.WheQ 
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X When Rays propped outofa den^ int^ 
^ rarer ^edtum^ through a convex Sur&c^ 
d^e -contrary hap^o? in ^ch Ca&. 

roT.befag now reflated from thpir refpe^ive 
FerpeodUculars^ as they were belore toward^^ 
^em, if they are parallel be^ Refia£Uon, 
tiNey diverge aftciward^j if they direi^, their" 
Bfivergency is iwri^afe^i if they cpnverge va, 
the Diredum of their Perpendic^ilars, . they (Uf. 
fer no RcfraiSiion ^ if they converge lefi tbani 
their reipe^ive Perpendiculars, thf y are madb 
to convm ftiU lc% to be parallel,, or to di-j 
Yflge; if they coavcrge more, their Ccmver-J 
^eiicy i$ ^creale4> Au which n^ay clearly b» 
$en by the Fi|ure» w^hout any 6rther WuiJ» 
tratiiao, .; imagimng .-the Raya AD,' C13l> ^c- 
be^t the coa|trar¥.]^ay in their Refra^on; tx) 
what they )vci|^ w t^e fcrraer CJafeis, 

XL ^^^hsxi.^yi^m^ p«t of * iarcr v$t<)i 

a depfirr Mf^tuni,f mf^^ * concave Surface, 

if they arc paitanei .before Rcftaftion, they are; 

ni3dct9d|wfge,. j- , . 

. For jp.th|s CWe,,, the Perpejndiculars at the 

Ij^iqts v^rc the R^y 5 enter the Suir^pe, bein^; 
dyawij. fropi a Point on that Sid? <^ the 3urfecQ 
ftoro which the Rays tend, if we eonceive them, 
to, p^s thfov^ the.$ui&ce, they wiH be fo 
ma^y diverging Xiiiea on the c^her Side, and 
thcrelote iheRfty^^ci: they haw palSedthrough 

the fame Points, mi^- neceflanly be rendered 
diverging in being ireira£led towards them. 

xn. If 


» - » r ^ ." 
I * • * 


XII. If they di^rerge tefott ke&aftion, theri 
fbr the iattie Reiibn, they are made to dimge 
diore. .' 
; Xlli. tTnlels they proceed dijreaiyifkwi the 

C^eiiCer, in which Ciic they fall iti with thdt 
Ferpdidiculaii's, aftd fuffar noReferdioh : orftom 
fcihe Point between th^ Center of Cotivejdty 
a£id the Surfact, for tfiiai tfiey drsr^ge ttrore 
ifhan their reQ)edive Perpeaidioitafs, aaddi^- 
fere being by Refradlion btou^t towardstbeffi, 
they become left diverging. 

XIV. If they converge, the&lxHngtefl'aiM 

towards their ,rer];)endicuVur^ they are eithtt 
made leis corive^ing, p^raQel, or diverging^ 
accordir^ to the De^ce they converged in be^ 
fore Renadion. 

iTo illuftrate ihis, and the three forqgditig 
Cafes. I. Let AB, C& (%. p.) betWoj>a- 
railel Rays eiitring ilie concaveand denier i^Sf.* 
iRum X, the Center Of whofe convexity fe 
fi; aiid the PerpendicUl^ teethe tel&aftifigSuiv 

iace at the Point D, is iSP ; the Ray AB if 
we fuppole it perpendicular to the SufJ^ at B 
will proceed on direftly to txj batthe6bli^ 
one CD being rcfrafted Towards rhePerpeai- 
aiciilar DF, wiH recede from the other Rafr 
AG in fome line as DH. i. If the ^ay CD 
bad proceeded from A diverg^ in the Dkiec- 
tioQ A)3 it would have beetTbent heararto the 
iPerpen^ciiUt, and therefore have diverged 
inor^. |. But if it had diver^ fibffl f!he cra- 
ter 
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tCT'E, ,. it, would have .feUen in with, the Per- 
pendicular EF, '_ ab^ not have been.r^fi'a^ed at 
all: and' had it proceeded from I,' a Point on 
jIk pfhfir Side thoCcnter ^ jt.^ould by. being 
Tcf^£t«|; tQvi'ards'ihtf , Perperidkular pF hav^ 
prbcepded in laJi^Xine nearer it than it other- 
wife w()uld Tiave dpnf, and fp Wpuld diverge. 
leJG than before. Refi-^iSioh, 4. If. ft bad cdh- 
verge,d.in the Line tt),. it would have been 
rcqdcrcdlef^convergiqg, parallel^ prdiverging^ 
according to the Degree pfConvergcncy, wliicn 
it bf>d;be^re it entcredjn^o the refraftingSur- 
ficft'-"", ■; .V; . .;'.., . . 

XV. IfthefanicRays proceed Out of a den- 
ier into ararer Met^'mm through a concave Sur- 
iacc, the contrary happens in each Suppofiti- 
on: The parallel ate made to cqiivergei tbolc 
which diverge Icfsthaa-their reipedive Perpen-f 
diculars, that is^ "thole which proceed from i. 
Point beyond the'iCenter, are (iiade lefs diver- 
ging, parallel, or converging, according to the 
Degree in which they,diyerge before Refrailioh j 
thofe which diverge more than tHelr relpedive 
Perpendiculars, ti^at.is, thofe wbich proceeti 
froniaPoint between, the Center and tlje re- 
fr^Qiipg^urfiice, are made to diviefge;itill more. 
And thpfe wluch converge, arcjn&de to cqur 
Yera& rnWe. Air which may <-aHl v he fpcn; by 
coipuiiering the^ituat'ion of'th C!^ 

^f.'yf^h Refpe^iQ 'tfje .Pe ^F^ 

.^^jh^efpre re^v,ire§,nb fartti il' ^ 

' " -'"" '" " 'hen 
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XVI. When diverging Rays are by: Refrac- 
tion made to converge^ the nearer their radiant > 
Point is' to the refrading Surface, the farther 
is their Focus from it on the other Side, and 
vice vers^i 

For the^ nearer the Radiant Point is to the 
reftading Surface, the more the Rays which 
fell upon the feme Points of it, diverge before 
Refraftion, upon which Account they converge 
the left afterwards. 

XVII. When the radiant Point is at that 
Diftance from the Surface, at which parallel 
Rays coming through it from the other Side 
would by Refradion be collefted, then Rays 
flowing from that Point become parallel on the 
other Side, and are faid to have their Focus 
at an infinite Diftance* For the Power of Re- 
fradion \nth& Medium IS the fame, whether 
the Ray pafles one Wiy or the other. For 
Inftance, if the parallel Rays AB, CD {Fig. 8) 
in pafling through the refrafting Surface BD 
arc brought to a Focus in G, then Rays flow- 
ing from G as a radiant Point will afterwards 
proceed in the parallel Lines BA and DC. 
And the Pbint G, where the parallel Rays AB 
and CD meet, is called the Focus of parallel 
Rays. 

XVIII. When Rays proceed from a Point 
nearer the refra&ing Surface than the Foais of 
parallel Rays, , they continue to diverge after 
Kcfraftion, and their Focus is then an imagi*- 

^ ^ nary 


44 O/Lenfea, ^c. Part HI. 

narf one, and fituated on the fame Side the 
Surface with the Radiant. 

For in this Cafe, their Divergency being 
greater than that which they would have, if 
they had proceeded from the FiKus of paraQel 
Rays, they ouinot be brought to a Parailelilm 
with one another, much lefs be made to con- 
verge, and therefore they continue to diverge, 
though in a leii Degree than before they paf- 
fed through the rcfrading Surface ; upon which 
Account, they proceied after Refraftion, as* if 
.they came from ibme Point farther diftant from* 
the refirafting Surface than their Radiant 


CHAP.. IV, 

CyLenfes, and the Manner in which Rays 
are affeSied in pajfmg through them, 

» 

A Lens ^ is a Medium terminated, on one 
Side by a fpherical Surface, on the other 
by a Surface either plain or fpherical. And of 
thefe ther€ are five Sorts. The firft, as A, 
{Fig* 13.) is plain oa one Side and convex oq 
the other ; the fecond, B, convex on both 
Sides ; the third, plain on one Side and con- 
cave on the other, as C ; the fourth, D, con- 
cave on both Sides ; the fifth, convex cxi one 
Side and ccmcave on the other, as E^ which is 
by fome called a Menifcus. 

The 
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The ^xis of a Lms is a Lin* paffing per-^ 
pendicularly through both its Surfaces: Thus^ 
the Line FG is an Jixis common to aU the five. 

Lenfes are diftingqiflied into two, general 
Kinds, convex and concave ; the firft and fe- 
cond Lfnfes are confidwed, as convex; the 
third and fourth, as concave : the lafl, if its 
Convexity is greyer than its Concavity, is 
looked upon, as convex ; if on the contrary, 
it is confidered as concave. 

A Lens is always fuppofcd to confifl: of a 
Medium denier than the circumambient one, 
unlefs where the contrary is expreffed. 

When parallel Rays fall upon the Surface 
of a convex LenSy they are refraded towards 
each other in paffing through it, and thereby 
colleded to a Focus on the other Side. 

To explain this, let us trace the Progrefs of 
a Ray as AB {Fig. 24.) through the convex 
Lens CDEH, whofe Axis is IK. Let L be 
the Center of the firft Convexity CDE, and M 
that of the other CHE ; and let the Ray AB 
be parallel to the Axis ; through B draw the 
Line LN which will be perpendicular to the 
Surface CDE at that Point. The Ray AB in 
entring the denfer Subflance of the Lens will 
be refra&ed towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 
face at B in ibme Dire&ion inclined towards 
the Axis, as BP. Through M the Center of 
Convexity of this Surface and the Point P draw 

Fa the 
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the Line MR, which paffing through the Cen- 
ter will be perpendicular to the Surface at P, 
and the Ray now entring a rarer Medium will 
be refraded from the ^perpendicular into fbme 
Direftion as PF. In like Manner, and for the 
lame Reafohs, the parallel Ray ST on the 
other Side the Axis, and alio all the interme- 
diate ones as XZ, CSJc. will meet it in the fame 
Point, unlefs the Rays AB and ST enter the 
Surface of the Lens at too great a Diftance ' 
from the Axis IF, the Reafon of which has al- 
ready been fully explained*. 

The Point F where the parallel Rays AB, 
SF, SJc. are fuppofed to be coUeded by paf- 
fing through the Lens CE, is called the hocus 
ijf parallel Rays of that Lens. 

If the Rays converge before they enter the 
Lens^ they are then coUeded at a Point nearer 
to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens^ they 
are then coUeded in a Point beyond Fj unJe& 
they proceed from a Point on the other Side at 
the fame Diftance with the Fociis of parallel 
Rays, in which. Cafe they are rendered paral- 
lel. If they proceed from a Point nearer than 
that, they diverge afterwards, but in a lefs 
Degree than before they enter the Lens. 

If the Lens is plain pn one Side and convex 
on the other, the Rays are refraded the lame 
Way, but in a lefs Degree. 


• Stt Ohftrvation 3, in the foregoing Note. 


Had 
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Had the Rays AB, ST proceeded from a 
radiant Point on one Side the Lens^ and been 
collected in a Focus on the other ; then if they 
fliould be fuppofed to proceed from that focal 
Point as from a Radiant, and pafi through the 
Lens the contrary Way, they would be col- 
leded in that Point which was the Radiant in 
the other Cafe : and the nearer the Radiant 
Point is to the LenSy the farther is the focus 
from it on the other Side, and vice verf^. 

If the Rays AB, CD, EF, ®c. {Fig. 0.5.) 
be parallel to each other, but oblique to GH the 
Axis of the Lens IK, or if the diverging Rays 
CB, CF, proceed as from Ibme Point C which 
is not fituated in the Axis of the LenSy they 
wiU be coUeded into Ibme Point as L, not 
diredly oppofite to the Radiant C, but nearly 
lb: for the Ray CD which pafles through M 
the Middle of the Lens and falls upon the Sur- 
face of it with fome Obliquity, will itfelf fuf- 
fcr a Refradion at D and N; but then it will 
be refracted the contrary Way in one Place to 
what it is in the . other, and thefe Refradions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eafily per- 
ceive if we imagine ND to be a Ray pafling 
out of the Zi^^ both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 
which Account the Dijflference between the Si- 
tuation of the Point L and one diredly oppc^ 

fitc 
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fite to C, is^ ft) Cnall, that it is generally neg^ 
]e£ied ; and the Focus is fuppoftd to be in that 
Line, which a Ray, that would pals through 
the middle Point of the LenSy were it to fuf- 
fcr no Refradion, would proceed in. 

AM which 18 fufficiently clear, from what 
has been faid concerning the Laws of Refrac-^ 
tion explained in the foregoing Chapter. 

When parallel R^Vs fell upon a concave 
Z^nSy they are refraded from each other in 
paflSng through it, and thereby made to diverge, 
proceeding as from an imaginary Focus on the 
lirft Side the Lens. 

In order to comprehend this, let ABCD 
{Fig.t6.) reprefent a concave LenSj EF its 
Axis, GH the Radius of the firft Concavity, IK 
that of the fecond ; produce HG to L, and let 
MG be a Ray of Light entring the Lens at the 
Point G. This Ray being rdraded towards 
the Perpendicular GL, will pals on to Ibme 
Point as K in the other Surface more diilant 
from the Axis than G, and being there refrad«- 
ed from the Perpendicular IK, will be diverted 
farther ftill from the Axis, and proceed in the 
Diredion KN as from fome Point, O, on the 
firft Side of the Lens. In like Manner other 
Rays as PQ^parallel to the former, will pro- 
ceed after Refradion at both Surfaces as from 
the fame Point O; which upon that Account 
wiH be the imaginary JF^ci^;' of parallel Rays 
ofthisZ^^j. 

If 


t 
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If the Rays diverge before they enter the 
LenSy their imaginary Focus is then nearer thp 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens proceed- 
ing towards ibme diftant Point in the Axis as 
E, they are then rendered kfs converging ; if 
they converge to a Point at "the fame Diftance 
from the Lefis with t\K Focus of parallel R^ys^ 
they then go out parallel ; if to a Point at a 
lefs Diftance they remain converging, but in a 
lels Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the 
nearer alfo is their imaginary Focus after Re- 
fradion, and vice versi. 

If the Lens is plain on one Side and concave 
on the other, the Rays fufFer a like Rcfraftioa 
in each Cafe, but in a lefs Degree, 

The Truth of what has been faid concerning 
the Paflage of Rays through a concave Lens^ 
is cafily to be deduced from the Laws of Re- 
fraftion delivered in the foregoing Chapter. 

But the Method of determining the exaft 
focal Diftances of Lenfes is to be had from the 
Propofitions laid down and dcmonftratcd in the 
Note in the foregoing Chapter. Thus, the 
Progrefs of the Rays after their Refradion at 
the firft Surface where they enter a Lens^ is 
had by one of thofe which determines the fo- 
cal Diftance of Rays entring a denier Medium 
of fuch Form : And their Progrefs after their 

Re. 
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Refiradion at the other Surface where they go 
out, is had by computing what Progrefi Rays, 
moving in the Dircdion they are found to have 
after their Entrance at the firft Surfece, will 
acquire by being refradcd at the other ; which 
is to be eiFcded by one which determines the 
fecal Diftance of Rays paffing out of a denfer 
Medium of like Form with that of the Lens^. 

When 


* Or a general Theorem may be made after the following Man- 
ner* to determine the Progrefs of Rays after Refradb'on at both 
Sides of the Lem^ whatever be the Matter of it, or the Form 
wherein it is made. 

Thus fbm)ore QH (Fig. 28.) to be a given Lens^ and ^ a Point 
in its Axis from whence the diverging Rays EL, c^r. fall upon 
the Lens^ AL the Radius of the firll Convexity, and CK that of 
the fecond ; let LK/ be the Direction of the diverging Ray £L 
after its Re^adlion at the firft Surface, and KF its Direction after 
Refradlion at both. Then will/ be the Focus of the Rays after 
their iirfl Refraflion, and F the Point they will meet in after both. 
liet BD be the Thicknefs of the Lens^ and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
t)f Rcfraaion be expreffed by the Ratio of I to R. Call EB, d ; 
BD, /; AB, ♦'; CD, jj ^/^ x\ DF, jr: Now, to find/ their 
Focus after Refraction at L where they enter the firft Sarface of the 
LenSf comes under the third Propofition in the forementioned 
Note : According to which the Ratio compounded of ;r, the focal 
Diftance fought 9 to //, the Diftance of the radiant Point ; and of 
d^r, the Diftance between the Jame Point and the Center^ to 
ji:*— r, the Diftance betiveen the Center and the Focus, is as I to R ; 
Compounding thefe two Ratios therefore (that is multiplying them 
together) we Yi^vt dx-^-rx'.dx-^dri : I : R; which Proportion 
being converted into an Equation^ and duly reduced, gives x^=s^ 
\dr 

M-r«5— Rr ^ 

Thus having found the Diftance B/; and confequently the Point 

f^ to which the Rays converge from L, we muft proceed to find F, 

that to which they will converge after having pafTed through K 

whexe 
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When a Ray pafles through a Medium ter- 
minated by two plain and parallel. Surfaces, it 

*. - ■ '-: • . . . ■ is 

where they faffer a fccond Refradlion : This comes under the fam^ 
Prppofition, bat if we would ufethe fame Letters as before, to exprefs 
• riie Pmportion which the Sine of the Angle of Incidence bears to 
thatof the Angle of Refraction, they muft be put one for the other ; 
becr^ufe when Rays pafs put of a denfer into a rarer Medium^ th o 
Sine of the Angle of Incidence bears the fame Proportion to the 
Sine pf the Angle of Refradion, that the Sine of the Angle of 
Refradlion does to the Sine of the Angle of Incidence, when they 
pafs' out of a rarer into a denfer. This bejng obferved, by the 
aforefaid Propofition, we fhall have the Ratio compounded of y, 

\dr 
the focal Difiance^ to tTHTj^^d" "^'* '^^ imaginary Focus of the 

Jdr 
incident Rays i andofj-j . p "^^-j"/, the Dijianc'e hetiveen 

the imaginary Focus, and the Center^ /^ j;-{-i, the Dijlance hetiveen 
the Center and the Focus f as R to I. Which Equation, if we reduce 
1 . , ^ • • ^^^ 1 ^dr 

thcm.xed Quan'""* j>_r^r, "^ ^^^ U-PJ-Kr " ' 

*^s into improper Fradions, will fland thus, 

ldr—ldt'\-Rdt4'Rrt 

^' Id—Rd--^Rr 

and ' ^ : : R : I • 

I dr^IdtA-BJt^ Rrt+lds—Rds^Rrs , 
' . Id SJ R? •^+'^ 

And compounding thefe Ratios we have 
Jdry — IdtyA-Rdty -^--Rrty^Idsy — Rdsy — Rrjy Idry-^ldty^Rdty 

\d R^ Rr " Id R^ 

^-RrtyA-ldrs-^ Uts^Rdts-^Rrti x> T a ^ *i, • 

P -^ — ! 1_- : ; R : I. And throwmg out 

the. two equal Denominators Id — R^— Rr^ and Id — Rd — Rr, 
and multiplying Extreams together and Meams together, we have 
II^/0'--Il^/y+IR^/j,+TRr/j;+n^jr/— IR^/j»--IRr^^ 
IRdty ^- RRdty + RRrty ^IRdrs — IRdts +RRdts +- RRrts f 

Which Equation being reduced, gives j« ^^J^[^^^^'^,. 
; '*^RRdts+R Rrts 

G This 
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IS rcfradcd one way in going out of the fecond, 
as much as it was the other in entring the firftj 
and therefore proceeds afterwards not in the fame 
Diredion, but in one that is parallel to that which 
it had before. Thus if the Ray'AB {htg. 27.) ^ 
enters the denfer Af<?^/«wCDEF terminated by 
thfc parallel Surfaces CD and EF, it isrefra^ed 
at B towards the Perpendicular BI, proceeding 
to a Point as G, where it is as m&ch refraded 
from the Perpendicular GK in going out, ^ and 
proceeds in the Direftion GH not the lame, 
but parallel to the former ABL. 

This Theorem may be applied to all Cafes ■ whatever, even to 
plain Surfaces mutatis mutandis \ *v» g* the Radius of a concave 
Surface being negative (as lying the contrary Way) with Refpe6h 
to that of a convex, and the Radius of a pUun Surface being an 
infinite Line j if vfre would apply this Theorem to a concave Sur- 
face, we muft change all the Sines of thofe Members whefein the 
Symbol exprefling the Radius of that Surface occurs ^ and if to a 
plain Surface, an the Members which involve the Radius muft be 
eonfidered as infinite Quantities, that is, all, except them, muft be 
(truck but of the Equation ^s nothing. So likewife, if we would 
have it exteiid to, other Rays besides diverging ones, the f^oint 
where converging Rays would meet, lying on the contrary Side to 
that from whei)ce the diverging pnes were fuppofed to flow, its 
Diftance muft be made negative; and the Diftahce where parallel 
Rays meet'' being infinite, it is only changing the Siries of all 
thofe Members in which d is found, if the Rays are fupjxifed con- 
verging, or making thofe Members infinite in Cafe the Rays are 
fuppofed parallel '; which is done by ftriking ont all the rdk, as 
bearing no Proportion to them. 

• See the Method of reducing this Equation to fewer Terms, where 
it isalfo illuftrated with divers Inftances, in Dr. Browses AppeB** 
"dix to Crtgorfs Optics ; or InDr.Ha/hys Method of finding the 
principal Focus of C^ticGlafTes univerfally 1 Fhilofoph. I'fanfa^, 
No. aoj^ - . 

CHAR 
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C H A P. V. 
Of the Eye. . 

1 

i 

T*^ He Form of the Eyc'is fuch as is repre- 
, lented in/ Figure a 9, and would be 
a perfeift Sphere, were not the fiire Part AA 
foroewbaj: more pr0tubcrant than the reft. 

The Ddfcription of it, {o far as is neceflary 
to. expkia the Nature of Vifion, is as follows* 

It is inclofed in three diftipd Coate or Tegu- 
ments: j the outermoft qf which,, ^tz. aa^ is. 
called Tftm^ Sclerotica ; the next cCy Cb(h 
KoideiSj or Uveat^ \ the third and innermoft ^^/, 
dexivee its Nafpc from that Ojjf 1J9 Difcoyerer^ 
and; is ealkd Tumm Ri^fchiana^ 

Thefc; Coats are gontigugus to each other 
every where, except on the fore Part of the 
Eye,; 

. That Pbrtionof the Scleratfcawfhich lies he^ 
twcen A and A, is more protuberant than the 
jpcft, is tranfpatent, and has the Name of Tu^ 
uka Cornea. 

, That Portion of tlie Chorohdes which is fitua? 
ted between b and by is calkd tfcq Jris ; ajid is 
that which by its Colour denPtoinatcs an Eye, 
black, grey, C^c In the Middle of this there 
jLs a round Hole asj^, called the ^upil. 

The Iris confiUs of twoKinds of mufcular Fir^ 
|>res ; the firft lye extended from its Extremity 

Q z like 
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like the Radn of a Circle, and point towards 
the Middle of the Pupil as tON^ards a Center : 
the other are circular ones and furround the 
•Pupil, having the Middle of it for their com* 
mon Center. Thefe are conncfted to the for- 
mer where they crols them : and therefore when 
thefe contrad, the Pupil is diminifhed ; when 
the other, it is inlarged. 
' Within the Cavity of the Eye, and not^r 
behind the Pupil,' there is a foft tranfparent 
Subftance CC, not unlike a double convex 
Lens^ one of whofe Surface-s as S, is more; con-** 
vex than the other. This is called the Chrlf-^ 
' talline Humour'^ and is fufpended within the 
Eye by certain Ligaments as CA C/, . called 
Ligament a Ciliaria^ or Troce//us Ciliares •• 
thefe are convex towards the PCipil, asexprefliid 
in the Figure, and concave on the other Side, 
and are muicular, and therefore capable! of 
Contradion and Dilatation. The Convex Sides 
of thefe Ligaments are lined with a very black 
Subftance, as is alio that Side of the Iris which 
is next them. * . - ^ ^ 

The Tunica Ruyfchiana \tz,vts tht Choroid 
des. at /, and pafting behind the Ligament a^ 
Ciliaria and the ChriftallihfeMuinbur, is con- 
tiguous to them, and joins the Yjf?^m^(W again 
iit /, on the other Side the 'Pupil. 
• By means of the forementioned Parts, the' 
Cavity of the Eye is divided into t^o Portions ; 
the one of which VV is filled vyith a Fluid 

. '^ - / yearly 
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nearly of the fame Dcnfity with Water, and is 
therefore called Humor Aaueus \ the other TT 
contains a Fluid whofe Confiftency is greater 
than that of the formed, and is called Humor 
Vitreus. 

At the back Part of each Eye^ but not di- 
rcftly oppofite to the Pupil, there enters a Nerve . 
as^ NN, which is called the Oftic Nerve. 
•^ -The Fibres of this Nerve, after their Entrance 
irtto t!hidEye at N, fprcad themiejves over the 
innetftiQft Coat of it as far as the LigameMa 
Gitia^Vcf^' and form a very thin Membrane,' 
cAXtd^'Tmua Retina^ 

The liihtermo!^ Coat of the Eye is every- 
where cdVered (except that Part of it which 
is croritigtious to the back Part of the Chriftalu 
line Humour) with a very black Subftance, not 
unlike that with which the back Part of the 
Irh and fore Part of the Ligdmenta Ciliaria 
were obferved to be cover'd. This is to hin-^ 
der any Light from being refieded from thofe 
Parts to the Retina ; for that would render 
the Images of Objeds indiftind, as we fhall fee 
whefj we have explained the Nature of Vifion, 
which is the Subjedt of the next Chapter. 


CHAP. 
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Of the Nature of Vifion. 

Uch is the SubftanceanclForrn.of the Hu* 
mouxsL i)f the Eye,, vrh^n lodged in thfcir 
proper Roceptacles, that Ray3 of Light inpal^ 
fiing through them are afiefted in the like Main. 
ntr as in paffirig through a convex Lens^ ts wc 
ihaU fee inimediateiy ; and: tberelare to under** 
ftand the Nature of Vifiop, which depends on 
the Pafiage^ of Rays flowing from the fsveral 
!Poirit8 of a diftant Objc?^ through thofe Hft- 
mours, little more is required than to know 
how the fame- Rays would he afFe^d,^ were 
they fuppofai to paft through a convex JUnSp 
Which may. eafily bed6ne:hy applying to tbia 
Gaie what has been delivered in the. fourth 
Chapter concerning the Manner in which Raya 
ftowing fmm a fmgle Poiiu, are aficfSked in piC- 
fing. thmugh .Z^ir/^j of that Kind. 

Wehave already fcen, in the abovementionpf 
ed Chapter, >that Rays flowing from a jfiig/er 
radiant Point, and afterwards falling on a con- 
vex Lens^ are colleded to a Focus in fome 
Point oppolite, or nearly fo, to the Radian^. 
Let us now fuppofe a(i Objed placed before 
^Jjsns^ but farther from it than the focal Dif^ 
tance of its parallel Rays, and let it fend forth 

Rays 
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Rays from each Point of its Surface in every 
Diredion, as from fb many radiant Points* 
Some of the Rays which flow from each Point 
of that Surface of the Objeft which is turned 
towards the Lens will neceflatily fell upon it, 
and paffing through it will be cplkded in io 
ihany diftind focal Points on the oppofite Side, 
as there are diftind radiant Points in the Surface 
,of thc.Objcd from whence they came. Now 
as tht radiant Points are contiguous to each 
other ift the- Surface of the Objed oaorre Side 
' of the Lms^ the focal Points will alio be con- 
tiguous 60 the other ; and as each focal Point 
i$ oppofite to its relpeftive Radiant, their Places 
will have the fame Relation to each other, that 
thofe of the Radiants have, and conlequently 
thele Points taken together will be a true Re- 
prefentation^nd perfed Image of thatObjcd; 
for each Point will exhibit the fame Colour 
that its correfpondent Point in the Obje£t is ofl 
Butbecaufe each Point in the Reprefentation is 
oppofite to its refpeftive one in the Objed, the 
Image will be inverted. The Truth of this 
may eafily be experienced, if we hold a clean 
white Paper facing the Lens in the Place where 
the focal Points are, and take Care to prevent 
all other Light from falling upon the Paper, 
except that which pafles through the LfnsK 

To 

* On this depends the Struflure of the Obfcura Camera^ which 
is a Contrivance to exhibit the Reprefentation of fuch Objedls as 

max 
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To illuftrate this J Let PQR (F/^. 30) rcprc- 
fent an Objeft placed before the Lens AB,. aod 
lending forth Rays from each Point in its Sur- 
face; and let q be the focal Dif lance of Rays 
proceeding from Qand palling through the laid 
Lens. Then will all the Rays that proceed 
from the Point Q^between the Lines QA and 
QB, be colleO;ed in j' ; in like Manner all that 
flow from P between the Lines PA and PB, 
will meet in the oppofite Pointy; andlbjnany 
as proceed from R and pafs through the Z^j, 
will be; coUcded in r; and all the Rays that 
flow from the remaining Points between P and 
R and fall upon the Lens^ will be coUeded in 
as many Points between f and r ; and if the 
Rays are received there upon a white Surface, 
there will be exhibited animage of theOhjcft PR, 
but inverted •, becaule the Rays PL/^ and RLir 

may be feen from a Window, upon fome plain^ white Surface held 
before the Window within the Room. In order to do this, a 
common Spectacle Glafs or Burning Glafs (both wh{ch are convene 
Lenjes) muft be fixed in an Hole in the Windowfhut ; for then if 
no Light be fufFered to enter into the Room,' but what pafTei 
through the Hole, and a Sheet of white Paper be held oppoiite 
to the Hole at that Diftance where the Rays proceeding from 
the Objects abroad, and pafling through the Glafs, are coUeded 
into their refpeftive Foci; we fhall have the Images of all the 
Objeds which lie before the Hole, reprefented upon the Paper, in- 
verted ; but in a mi^ch more lively and exad Manner than can be 
* done by the Pencil ; and not only the Objefts and their rcfpcftivc 
Situations, but, what is peculiar to this Sort of Painting, their 

Motions will alfb be exprefled. 
I 
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of attfObiia A^«fc x6fefidferdl\t6gethc*, *irf^ 

H^ *i?in the^P^yK^i 'fo^^Be «af8 pa; "Pfe^ 
e^i'ii'PfeUijJl ff^ the P<:^^^ i>knd the te»^ 
dferRay ' iSf^mt fl'encii, '^ 'PL* (Dj.,- #.^i^ 
^«^he^f)»^ A^t PMck,, to •which k{ B^^ 

ta«i»on'th&^^her)3i^e cfi-^m>L(fki;"iiiliSmm 
ibi^tn^ Md'\ihen "recet^^ *Qpbh ' »'^«^ 

p^ 'btfotcmEyc iitz^M6etT!>miicii'SM 
ki iti^heiae'iemeted ih paffit^ thioi^h^fifi^ 
HOttibiira of i<^'are'colledc4^*iSy thei?^ •'-'^*" 

]^i>fiifiotatk»i'y}f^that OUel^f and%> ».v.. 
ftfittuUb-tipldii>^the tendeirwms^f th^'fik^ 

■j.i'l ,•.••• v./\ t»ilj .':"' ■ ■■/ ■ ni f/jHit ' ■- '■ Mivv /•!»-,[ 



thejr are collefied inu> their refpeai^ 
spoil which Account it is, that the Poiot where Ra}r« in emenl 
cvUvfttdy iarcdW^heir Araf; thM«;<lMirPla«i>f sSAiilis. 

H The 


; ThcProgrd»of ^eR|3qB:th«aiight^|{QH 
mours of the Eye, are exprefled in the .j,|ft 

Figure: whe^ pQtis th^Ey^vF^ tt^if»' 
m^ Qmea^j^^ ,thc Pupil, ;4A tjie 4qfK0(» 
Hiimour, H]tithechrift%Uine,iAnd VV t^yt-^ 
treottt. . And RS xepre&niis an,pt^^d.p^iicied| 
bofore it, emittiiig Pencils .<^It<Ky« fitm) i|s fiv 
vcnU Points R, ^> T, 6$c. ,TR»e Rayi ^>v^iMfo 
cpnftitate ti)e F^cil GTF, in pajtxiog tbc; tt]tie«t 
QMS Humour, pafi out of a ^tt.intqa.>(]|i$gi9r> 
Mf£itm througti a convex Surftce, in ytlu^ 
pdledivqrg^. Jkvfs, aye n^cle'tp dir^rge^tfi, 
tpibfcome ^psfX^pf to cwvwge (Cfeapr.^i 
Pr9iK7.)i ineptriTOthcchriftj#n?th|ey5te,lbc: 
Ite r<M?d ip j>#|ig oqf of Iftati, t|icy eOKK Jt 
9P^ tjirguglti 1^ cQVswe SqffajBff^Cw?;; thf sm;^ 
«W»j^«¥*|cc fff tlvq vi^ep«*s>/wjt»ici> aUohlJWs 

M5W thqji <arf,^»^;tO;09nMcf g?, .,w4c5f<}ri^ 
i!^1hflJjg^^P,;:^£.^ iwcfit j|pg«|ier in a;%j^|i 
at f »7r9int; j ini.^6.j^rww.,i-Ifti lil^c M^BOtC 
^ H^y.» %w^^fp R, an$l!f9f?^tuMc« S^ 
?J9K»1 ^¥r w#j|ngceed^ ^a^. 4f^^^ iQ<ffall 
B^ffiefii ;and ^a^-^aajionjfnftet ia,ivjrj«ii 

uij, ^. by whidkMeansanlnu^ofthsr^Q^ 
fed ^vill be formed in rts upon the Retina^ but 
Mmuft dieJP«acU8-«ro&:eadi other iti ptidHii^ 
iStrodgh the Pi»pil, ir wiH bcinvcfted*. '• ° ' 

: •■ \ •) . ■ ■ ; -I I ... AUlr.' 

^ 'C •»»,.. ,* ...» ' ' *, S 

. * Of :ihi^ we h^ Y« €xpcrya^t4 Proof ^* lAir if ivt ^t awaiftke; 
back iVt of an Eye, mm ifgly a Paper tiiere^ we ihall fee the 
: i V . Image 
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Tfic Icls the 0rtlincc between the Objed und 
thej^ye is^ the more the {Tays which ccxhe 
ffcjin the O^jelSFj* are laid to diverge, and h can^ 
'tt4: Net thatttxc Situation of the Eye makes 
any'Altcration.m theProgrcfi of tho&Ray^ 
i>i3t that, Wheii 'thlc'Eyc' i^ placed nearer the 
pbjcft, it receives into its Pupil Rays which 
dfvcrge in a gtck^ Degree^ than thofc whidi 
It c4n ireccive when placed farther off The 
' feUpi^ihg IHuftri^tion will make this clear : Let 
AB (?5^. 3f.^^ O^c^ emitting 

tt'ays torn each ¥^intf of its Siir&ce, ahdlet 
C^, CrJ.afc. e«)^ thcife^ Which flow front 
thi Pollute : let i» be a Pupil of an Eye placed 
^a;t iKc DHhince <^ ffom ft j ^tis^Wn this fit- 
*pil w'ijil rcteiVe iiit6.rt the diyeirgihgilays Cn 
■%y;' v{^^^ diverec 

•iik fiioft-qf any^ ti&k can enter 'the fame Pu]^ 
when Tplacecl at the Oi^cc' t3«;^ but thefc 
diverge lefs tihah *thc ; fortacr>: the Aqgfc cGf 
bqng mclpded ui the Ang^e irC|/; 

^^tmgor^^ttnaS CXjXbf ^aoe^ Amok, kVaccnntfely as in tlie 

^Papff , ea^fept that which piTes ran>m^ d^e Kmntc^rs o£.die Eye. 
*' Uptic Wilcen h^yt^midt it Mkttfet of great Difficulty to d6- 
smnjftt tle:B»itt wHett t^eA^istt^hid P<adiA wludi^ater^ 
.£}f, tgrfift ^oil^r f i?mc flaoi^itjia theC^ai^ier of the Eye, 
others in the Vertex of the cKriftalline HuB^Mirj others in that of 
'ib^ Twed Comeii: ^tai th^ Rie^scof each Fndl £U the Paj^^ 
or as the Pupil icfelf is a common fiafe to each Pencil, it b inoon- 
.cqivaUe ho^ t^ jI^s xjf. t^qfe l^eacils :flioidd c^joA «!ich €|ther in 
My otlief. Place,than rhgiQnffft q( the Pupil. See^Fk^jji,^^ 

any dther where fevfra^Pcaypils^ai^reprciim^^ti^lilA^ 
the Pupil of an Eye. 

' ' ' Ha yifioo 


... It )9 mdXp.ij6;tffgatyVf})fin ^^uftcieqt Tmiqv- 
J]«r of |lMs,(j(ii«ir thc^ypil j^^t^ici^^/Timc ; 
0Mre^ . Vf ^Mw\ t?po few. . jlt > MAt ^Wn 
^jijKp^l |of Rays jsxa?llc%fl jpto a %i»f cqc- 

^M^.bcfprfitjbcv.coipc atoiCpr-A^Oicn tl^cy wAukl 
it ^fqiff :t|5jyjfliect. \.^^j^ cither x)t . tijcfe 

ijiwpQipg Qjtptcr^J, wioidp to ;ta|cc in, ipone 
^/ewW;;%M a$ Oqpljiffii ,^^ Butt^ 
J»pwerha$ ita^irnks.^^ ..,.. , ; :,^ -.,. ..^ 

Aq4 that the Kaiys may be coUeadd into 
•l^oints^^^y jopoa 1^,^f^mAf tJ^ii3». tint 
-4)b^fds nmy:af>Mar t£^il^^ vrtether they be 
•jjearar or j^r^<^jr'jOl^ diajt fe,. wh'Ahejt thc^ays 
.ifffi3t^^i^B% fixKBi theiBicbreige mow or leiaiy -we 
te6«^(6 a jPftWe*' ef <jo<ithidm|^ of rtilajring the 
.. j«»..ij ... j^.ti^jiijy altering. Ui^B 




#1 m^k^%. ■»< 




*' '^' Ih (i>M AlftiiftW, ^b Power 18 miic]i greater'than in ocfaiers'; 
-itaiiei^h' in>fiich'as iare ob]igedf«Kittake Uft of thfeiir ^yb^ by 
'IPghi, 'j[A»«l%a^ Bar/, win t«»i^r. 
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jPoiqi of the chriflallme Humour, and with 
that the focal Pifbuce of the Rays. Thus, 
when the Object we view is far ofif, and the 
^4y« fall upon the l?upil with a very fmall De-» 
^rce of Divergency, we contrad the Lig/imef$rT 
fa Ciliariaj whic^ being concave towards the 
ritreops Humwr, do thereby comprefs it more 
thaq otherwile they would do ; by this means 
it' is made to preis harder upon the back Side 
of the chrifialline Humour, which is therebf 
feodered flattery and fo the Ray« proceed £uD^ 
thei; before they meet in a Focus than other<» 
Vfik t)pey would have done. Add to this, tbfl^ 
we dilate the Pupils of our Eyes (unlefs io Ci* 
&s where the Light is ib ilrong that it oftodi 
the Eye) and thereby admit Rays into d)eii^ 
that are mdre diverging than tboie which would 
other wi^ enter. And when the lUys^^ come 
fiom an Object that is very near, and there* 
fere diverge too much to be collected into their 
jrefpective feci upon the Retina^ by relaxing 
the Ugammta Ciliaria we give the Chriflal* 
line a more convex Form^ by which means the 
Kays are made tofuffer a proportionably greater 
Degree of Refi:action in paifing through it"*. 

* Some Philofophers are of Opinion, that we do this bjr a 
fWwer of altering the Form of the Eye; and othen, by remov* 
ing the ChriHalline ferwvds or backwards asOccafion requiicii 
kac. neither of thefe Opinions is probaUe; for the Coats of the 
Bye are too hard, efjpedally in fome Animals, for the firft i and 
as to moving the Chriftalline oat of its Pkoe, the Cavities of the 
.Sye ieem to be too w«U filled with the other Humoon to adail 
«f fuch RdnovaF, 

And 
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AnJ befidcs this, 1 

opr Eyes, we exclude the more diverging Ray^ 
and admit only fuch as are more cafily refracted 
Into their reipective foci''. But Vifion is not 
diftinct at all DiRanc^s, ibronr Power of con- 
tracting and relaidhg the Li^ayhenta Ciliaria 
is aMb circumicribed within certain Limits. 
■ The nearer an Object is placed to the Eye, 
the grcatCT is the Image of it upon die Retina. 
Bccauft the Pencils flowing from the, extreme 
¥ahs of the Object when near, make a largcS: 
Ari^k with cacfi 6ther in the Pupil where they 
ftWsj than the feme Pencils do -When tlic Ob- 
Je^ft placed ferther off/ Thus AB (Fig. 35.) 
thrJriiagS of the Object GD, fii- exceeds EF 
ihit bf the fame OlMcct GH, placed'at a greatpr 
i^abce ftoni the Eye,: as is evident ftom Jn- 
IJcctipn of the Figure. ■ . ' ' 
*;'-|iithoft Eyes where the Tunica Cornea is 
Vciry . protuberant and convex, the Rays, ojf 
1,'ight fufier a very confiHerablA Reiraction at 
Tljeir Entranccinto the aqueous Humour; adi 
arc Ylicrcfore collected to a Focui befo'e they 
jail upon the Retina^ unlcfs tHi Object be pl^?- 
•ccd'very near, fo that the Rays which ehtrtr 
the Eye, may , have a confider^ble Degree, of 
5?iVergency^ . People that have fuch Eyes, ^ 

* '* 'Aecortingly it Is obftrvabte, that if we make a fmsH Hole 
'»»ttli the Point of ji Needle through a Piece of Paper, and »ppiy 
'^liatHole dofe to tbcBye, makAigUfcof it, astt were, inftead 
' a Pupil, w« {hall be ab!e lo fee an Ot:^ diAinAly tltrSag^ 
though the Objefl be [rfaced wiihin half an Inch oi- the-Ey«. 

faid 


tt 


Chap. 6. Qf ty Nature of Vifidn. ii^ 

&id to be furbliitd. Now the ncarfer an Ob-^ 
jcct is placed to' the Eye, the greater i$ the 
Ipiage M it therein^ as explain^. above; theiib: 
People therefore can ieemuch fiballer Objf^it 
than ,pther% as/ieejog ntuch.ne&^er ones witlir 
the iame Diftlnctne^ And th^ir $ight c^-^,^ 
t^ue$ gbod longer than that of» oth^r People,- 
becatiie the Tunica Cotnea . of thek Eyes, as 
they grow old, bqoames plainet, 'for Wanto^ 
that Redundancy fofHuftiours with which they 
werei-^ed before^.j / • , 

,Qti the contrary, oJd Men having the Co^^, 
nea of their Eyes too flat for want of a fufficir-r 
cfit Quantity of the, aqueous Hpix^our to .fill 
tl)?rp o^t, irthd Raya diverge too much be^rc; 
they enter the Ey^, they cafirjot- be brought 
tx>^[fiOCfis belbi^ t^ey reach tko Ji^tMoi *y otf 
whH?h Account th^Pepple cai^QOt fee diftinft* 
ly, unlefs the Obi^ft-be iituatfid at; a greater 
Di^iice from the Eye, thin ts requii;edibr thoic 
wboie Eyes ^e cA a:due Form* ' ^ r ^ , 

jSjnce.the Iqiageiof the Objed^ yr^: look at. 
are iiTverted in the Ey^i it tnay be thought the 
Obj^jthismfelvies oyght to appe^HT ^ib; but it 
muft be iconiidered; ti^at there is ^^ tf^furaX 
Cpnpei^kin betiivtei>*rhe/^i?2^ io o^rrMindj >and) 
the Image upo;^ the :jR«f#f4; Wje figd.iby gx-. 
pcrience, i^^t when ifuch afl Id^fi i^.j^^ited ia 
cur Mind, fuch an OWcd ftands before us in 
fiich ^ Pofition and of luch- a Form ; when evtr 
therefore the Jike Ided is excited agdn, wcf 

con- 
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conclude there is a like Caufe of it. For itis 
found by Obicrvation, that People who have 
been born blind,- and haire afterwards received 
tfadr Sight, have had no bfermatioh fron 
their Eyes at firft, concerning the particular Si-- 
ttiatipn or Form of fiodieai bat have been ob- 
liged to flay till Experience has taught thcin 
what Figures and Situation of Bodies coriefpond 
to fuch and fuch Senlattons in the Mind^ 

In like Manner it is from Experience that 
an Objed appears fingle, though there be an 
Image of it in each Eye; for after wi firid^ 
that its Place, according to the Reprefentation 
6f it in each Eye, is the laHie, we neceflirritj 
conceive it to be but one; The Manner how 
we come tb find this, (^ms to be as foflows*: 
There is one Fart of the Retina upon whKfb 
when the Itaage fells, the Objeft ^appeart 
brighter and more diftind, thin when it faflfe 
upon any other, as is evident becat^ We at 
ways fee one Part of an Objeft with greaifer 
KffinctriiKft than any of the reft. This>P6int 
I fhall hereafter call the Toim of dijihta^j^ 
fim. This Hatdrally kadis us to turn dur EV 6s 
fo, that the Object ma^^ be fituatcd diret«ly 
dppofite to this Point. And this JVicfcidft of 
ours is that which has given Rife to t^le inia-^ 
gihary Lioes^ which are filppofed tb jpds ^- 

'* m ■ • 

* See Mr. CkJiUnti Cbfen^'oas «& ar ycntog Gefitlettttk 
cooched by him at the Age of 13 Yc»». .Philoio^ Tianfiift. 
No. 402* 
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reftly. through the Eye and to terminate in the 
Obje£t we view, and are commonly called the 
aftic Axei. ^We therefore turn our Eyes fo that 
the Objcil 'may appear in thofe Lines. There- 
fore fince thefe Lines concur at the Objeft^ when: 
we incfeav'our to view it with Diftindnefs, each 
Eye affords us an Idea of the Objed in the lame 
Place, fit)m whence it neceffarily appears but 
one*. . / ' % . ^ ' 

When- 




• There are other Methods of accounting for diefe ^wo lail 
Ph^nme^af fome^f which, pei^h^ps, the Readernvay think moss*^ 
pUufible;* for the Conne£lion between the Image on the RetinA 
and the Idea in the Mind, being purely metaphyfical, we can ne- 
ver hope* to ai^ive at Certainty in. this Matter. 

Some ar£ pf Opinion, that we judge thofe Ray? whic^ paint thg^ 
upperraoftPart of the Image in the Eye to proceed from the lower- 
moft Part of the Objed, becaufcthcy ftrike upon the Retina, as 
c(»itjng fr^nn that Part ; and that we conclude from hence that the 
ObJeSt is €re6t, though the Imag^ be inverted ; as if the Diredion 
wherewith the Rays ftrike t\it Retina, informed the Mind which 
Way they earner This Sobtiotfierves'alfo to explicate ^tPb^eno* 
meifon of feeing but one Obje£t with both Eyes ; for as the Mind ^ 
is*i'nformed bj^ the I>tre£Uon with which the Rays ftrike the ^^/z- 
na^ of t'he» Place from whence they come ; therefore when it ap^ 
pears that thhy enter each Eye aa from the fame Place, the Object: . 
neceffarily feems to be but one ; becaufe we cant fuppoFe two to 
exift in the fame Place at the fame Time. 

Some have been fo abfurd as to embrace an Opiifion, the firft 
Author of which was Gajfendus^ that we fee one and the fame 
Point of an ObjetEl only with one Eye at a Time, (otiante alio, 
as they exprefs it) while the other doos nothing. Vid, GaJ^endi 
Epiftol. de Magnicud. Solis. Or Tacquet. Optic. Lib, I. Prop.2. 

' Som£ imagining that the 'optic Nerves confift of a Bundle of 
fmall ones wrapped up in one common Tegument, arc of Opinion, * 
that fuch as lie upon the Retina at equal Diftances from the Point 
of diftindt Viiion, and on the fame Side of it in each Eye, arecon-s 
nefted together in one, before they terminate in the Brain ; and 
fa whether one or both are affedted, only one Idea is excited in 
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Whenever the Eyeaarc fo fituated with re* 
fpeft to an Objeft, that the fame Part of the 
Rettna in each Eye is afieded by the Rays 
that flow from it, which are wont to be afr 
leded when two Objei^s arc placed before the 
Eyes, the Mind receiving no Information from 
without, but by the Impulies of the Rays up- 
on the Retina judges that there are twoOb* 
jcds. Thus let A, B {¥ig. 34.) reprcfent two 
Eyes whofe optk Axes are direfted to the Point 
C, and let E be an Objeft on one Side the 
Point C, and F an Objctt on the other. Now 
Objeds thus fituatcd muft appear icparate,other- 
wife every time we viewed an Objed we muft 
imagine all the different Points in \x,% Surface 
to be but one, which is contrary both to Rea^ 
Ion and daily Experience, In this Cafe, the 
Point d in each Eye will be affeded by the 
Rays which flow from thofc Objeds ; but fb 
it wifl, if a fingle Objed be placed at D, ami 
therefore for the Reafon given above, an Ob* 
jed in that Situation ik^ appear as the two 
icp&ratc pnes E and F, that is, double. A- 

the Mind. Gmv^y&V confirms this Opinion by alTerting, thatm 
all Animals with look at the fame Obje£l with both Eyes, the 
pptic Nerves concar before they enter the Brain ;. and (hat in fuch 
a» look at one Obje^ with one Eye, and at a dHFerent one with 
the other, th^y are fqparate all the Way« 

Others, with Briggius (lee his Opbtkahnpg. Chap, i r.) dp 
not contend, that the forementioned correfponding l^arts of the 
9fftic Nerves «re connefied before they terminate in the Brain ; bat 
that they are of an equal Teniion, and therefore excite the fame 
Senfation in the Mind. 

gain. 
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gain, fct tbcre be an Objeft placed without the 
e^ic Axes as at G, Rays flowing from this 
will aflfed the fame Part in each Eye, as if 
there were two diftind Objeds, vi^^ on at E 
and the other at H, this therefore will alfb ap*^ 
-pear double. Farther, as the Objeds D and 
G are fituated in this Figure, if both are at- 
tended to at the fame Time the {pfUc Axes 
being ftill direded to the fame Point C) they 
wiU appear as three, being fituated oppofite 
to the three Points F, E, and H. And what 
iias been faid of the Appearance of the Objefts 
D and G as they are fituated in this Figure, 
may be applied to their Appearaqce as they 
are placed in the next, where they are repr^- 
iented as being beyond the Line HF. So that 
wherever an Objft is placed, provided it bt 
nearer to the Eyes than the Point where the 
Oftic Axes concur, or &rther from them, ic 
appears double. 

There is one Part of the Retind of e^ch Eye, 
upon vfhich when the Image j^ls, the Obje£b 
cannot be feen at all with that Eye ; the Proof 
of this we have from the following Experiment; 
Fix two Objeds upon a Wall, of fuch Bignels 
that each may hide a fquare Indi of it, or 
thereabouts, and at the Difbnce of about a 
Foot or two from each other, and go back from 
die Wall about three times that Difbnce; then 
ihutting the left Eye, look at the left Objed 
with tl^ right one, and while the right Eye is 
in that Poiition, the right Objed will not be 

I 1 feeQ« 
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feeo. So if in that Station wc look at the right 
Objcft with only the left Eye, the left Objed 
will diiappear. The Reafbn of this is fuppofed 
to be, that the Image of that Objeft which 
dilappears, falls upon the Blood-veflels of the 
epic Nerve, from which no Seniation is con- 
veyed to the firain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob^ 
•jeft, and crofs in the Pupil, is called the 9ptk 
^ngle. 

T^is by means of this Angle that we are able 
to form fome Judgment of the Magnitude of 
an Objed; becaufc the larger this is, the larger 
is the Image upon the Retina^ that is, a great- 
er Portion of it is affeded by the Rays which 
flow from that Objed. But this is not fuflicient 
alone, becaufe diflferent Objeds at different 
Diftances from the Eye, may fubtend equal 
Angles at the PupiL We ought therefore to 
Jknow alfo the Diftance of the Objed. 

This, if the Objed be very near, we are 
able to form a tolerable Judgment of, by the 
Degree of Divergency, wherein the Rayarwhidi^ 
flow from the lame Point of the Objeft ente* 
the E^ye; becaufe we find it heceflaxy to adapt 
the Eye accordingly, - in order to toing theih 
toa Focu^ updn the Retina, .r • ^ * 
I But when the Objeft is at a greater Difiance 
ftom'us,.; a considerable Variatioii in the Dit» 
tance of it makes but a vcry\finall oneliathe 
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Divergency of thofe Rays, and therefore this 
Rule of Judging ceafes to be of Ufe. The only 
Expedient then is, the Angle comprehended 
between the ofUc Axes at the Objed to which 
they are dircfted, or whidi is the fame Thing, 
the Pofition of the Eyes with reipeA to each 
other when they view the Objed*. But in 
yery large Difknces this Pofition varies io lit- 
tlei that it is alfo of no \5it ; in which Cafe 
we make the beft Judgment we can from the 
Brightneis, Difiindnels, and apparent Magni- 
tude of the ObjeftJ and likcwife from its Situati-? 
oh with refped to others which arc interpofedf . 
When we are unable to judge rightly con-^ 
cerning the Diftance of an Objed, we conceive 
it greater, the farther we imagine it to be from 
us, and vke vSrsSf*^ becaufe it' requires a lar- 
ger Objed to exhibit the fame Image upon the 
RetinUy when it is fituated at a great Dis- 
tance, than when nean Thus we imagine the 
Sun and Moon to be ferther off, when they 
are in the HorizQity than when they are near 
thq ^\Meridia;ty ^nd accordingly think* them 

* That the Pofition of tl^e optic Axes is a Means Whereby we 
judge of Diftances^,' iserid^t from hetlce, <oi%, that they Who have 
lotft the Sight of one Eye, find it much moi;e difficult Co.eflimate 
the Diftances of Obje6b», than they did, ^ wh^ they, had the Ufe 

of both. ' ^/ ^ . . ' 

f V</e have a remarkable Inflance cf the Errorof oar Judgment 
concerning the Diftances of very remote Bodies, in that we look . 
upon the' Sun» Moon,- And Staips to be all at the fame Diflance, 
whereas fome of them are a thoufand Times farther from us thaa 
odier*. . 

pro- 
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proportxxiably Itrger in one Situation than in 
the other, though they are found to exhibit the 
fame Image upon the Raina in both Cafes*;, 

We are never able to fee very diflantObjed 
vrith Diftindnefs ; this is not folely owing to 
the Pupil's not receiving into it a fuffident Num-> 
ber of Rays for that Furpoie, or becaufe they 
are not colleded into foci upon the Retina^ 
but betaufe the Objed being very &r ol^ the 
Rays which flow ^om Points of the Objeft 
that are contiguous, fall too near each other 
upon the Retina to excite difiind Sen£iti<Hi8 in 
the Mind, ib that the Idea of the Whple is 
coafiiied* 

CHAR vn- 

Of the Appear anc6ofO\xf.Qi%feen through 
Media of different Forms. 

THat what we ihall fay upon the Subjed 
of this Chapter may more readily be un- 
derflood, we fhall premife the five following 
Particulars; which are all comprifed in the 
foregoing Chapter, or follow immediately from 
What has been there laid down, n)iz. 

I. That as each Point of an Objed when 
viewed by the naked Eye, appears in \X.% pro- 

* See the DiflerUtion on the Urlxmnel Moon, annexed to 
thiji Part. 

per 
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per Place \ and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Ray s flowing from it, enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be fituated in that Line ; and becaufe the 
Mind 18 unacquainted with what Refiradions 
the Raysfufl^ before they enter the Eye, there- 
fore, in Cafes where they are diverted from 
their natural Ccurfe by paifing through any Me^ 
dium^ it judges the Point to be in that Line 
produced back in which the Axis of a Pencil 
of Rays flowing from it is fituated the Inflant 
they enter the Bye, and not in that it was in 
before Refr^ion. We ihall therefore in what 
follows, fuppofe the apparent Place of an Ob- 
Jed when feen through a refrading Medium to 
be .fome where in that Line produced back in 
^ which the Axis of a Pencil of Rays flowing 
from it proceed after they have pafied through 
the Medium. 

2. That we are able to judge, though im- 
perfcftly, of the Diftance of an Objeft by die 
Degreeof Divergency, wherein the Rays flow- 
iog from the fame Point of the Objeft enter the 
Pupil of the Eye, in Cafes where that Diver- 
gency is confiderable ; but becaufe in what foU 
lows, it will be ncccflafV to fuppofe an ObjeA, 
when leen through a Medium whereby its ap- 
parent Diflance is altered, to appear in fome 
determinate Situation; in thofe Cafes where 
the Divergency of the Rays at their Entrance 

ioto 
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into die Eye is confiderable, w^ will fiippofe^/ 
the.Objcd to appear where thofe Lines which . 
tbey defcribe in entring, if (Hoduced back, woulH - 
cro& each other ; though it mufl not be aflert- 
ed that this is the priecife Difiance ; becaufe the . 
Brightneis, Difiindncis, ixA apparent Magni*' 
tude of the 0\i]tQi^ on which its apparent Diil 
tance in fome Meafure depends, wiU alfb fuffer 
an Alteration by the Refradion ofthe Rays in: 
palling through that Medium. 

3. That we eftimate the Mamitude of an 
Objcd by that of the optic J^gk., 

. 4 Thiat Vifioo is the brighter jCth^ greater 
the Number of Rays is which enter the PupiL 
And, 

.15. That in fbme Cafes, tht apparent BrighU 
Ttefsy. DiJIincfnefSy and Magnitude of an Ob^ • 
ject.are'the only Means^whereby our Judgment -^ 
is deJEermined in cftiniating the Diftance of it 

Prop. I. An Objed placed withirx^ Mediums 
terminated by a plain Sopfaiie on,that Side which 
is dcx t the Eye, r ii the Medium be denfer. than - 
that in which the. Eye is, (as we fiiall always : 
ivLY^^Qik it to hij ' unlefs where, the contrary is 
exp/eflid) appears, w^r^r to the Surfece of the . 
M^dinffi ihan it is;-, -i . 

^ ;T^nii5^'if A be-a iEcrint of an ObjSd placed . 
within the Medium BODE {Fig. ^6), and hby: 
Ac ibc t(Wo Ray^puoceffding from.theJice ; tbefe • 
Ray^ pafling; out df a* denfer into 'a rarer - M^^ 
ditm will ibe re&aded; from%theic' i?efpediy«;: 

C'ini per- 
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Perpendiculai;s bd; ce^ and \vill 6nter the Eye 
atH, fuppofe in the Diredions ^ cg^ let then 
theic Lines be produced. back till they meet in 
F ; this will be the apparent Place of the Point 
A; and becaufe the refrafted Rays bf\ ^^ will 
diverge more than the incident ones A^, A^ 
(Chap. III. Prop. 3.), it will be nearer to the 
Points b and c, than the Pbint A ; and as the 
fame is true of each Point in the Objeft, the 
Whole will appear to an Eye at H, nearer to 
the Surface BG than it is*. 

Prop. IL 

• From hence it is, that when one End of a ftrait Stick is pit 

tinder Water, and the Sfick is held in an oblique Poii^ti6n, it ap- 

i>ears bent at the Surface of the Water ; <oi%: bSecaufe each Poinlb 

that is under Water appears nearer the Sur&ce, and cohfeqaentl^ 

'higher than it is. 

From hence likewife it is, that an Objed at the Bottom of a 
veflcl may be fecn when the Veffel is filled with Water, though 
It be fo placed with Refpedl to the Eye, that it cannot be feen 
when the Vcffel is empty. To explain this; Let ABCD [Fig, 37.^^ 
fcprefent a Veffel, and let E be an Objedl lying at the Bottom of it . 
This Objeft, when the Veffel iaf empty, will not be fecn by an 
Eye at F, bccaufe HB the upper Part of the Veffel will obftruft 
the Ray EH 3 but ^hen it is fillfed \»'ith Watef to the Height GH. 
the Ray EK being refra£^ed at the Surface of the Water into the 
Line KF, the Eye at F (hall fee the Objeft by Mean's of that. 

In like Manner, an Objedl fituated in the Horizbn appears above 
its true Place,- upon Account of the Refra£ti6n of the Rays which 
proceed firom it in their Paffage through the Attmjthere of t^e 
Earth. For firft; if the Objedl bcf fituated befoxtd the Limits of 
the Atmofphe¥t^ its Rays in entring it. will be refrafted towards 
the Perpendicular, that is, towards a Line drawn from the Poifit 
t^here they enter, to the Ceiiter of the Eatth whith is the Center 
of the Aimoffhire^ and as they pafs on thtfy will be (Sonfinualfy 
tefiradted the fame Wav, becaufe they are all along entring a den« 
fer Part, the Center of whofe Convexity is ftilt the fame Poin£ i 
ofon which Account the Line, they defCribe wiB bea Carre bend- 
, K ing 
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Prop. II. An Objed fecn through a Medium 
terminated by plain and paraUel Surfaces, ap« 
pears nearer^ brighter ^ and larger y than with 
the naked Eye. 

For Inftancc, let AB {Fig. 38.) be the Ob- 
jea, CDEF the Medium, and GH the Pupil 
of an Eye, which is here drawn large to pre- 
vent Confufion in the Figure. And ift letRK, 
RL be two Rays proceeding from the Point Ry 
and entring the denier Medium at K and L ^ 
thefe Rays will here by Refradion be made to 
diverge lefs (Chap. III. Prop, a.) and to pro- 

ing downwards ; and therefore none of the Rays that come from 
that Objed can enter an Eye upon the Surface of the Earth, ex- 
^t what enter the ASttMfpbire higher than they need to do, if 
they could come in a right Line from the Obje£l ; confequently 
the Objcft rauft appear above its proper Place. Secondly, if the 
Objeft be placed within the Ahno/phere, the Cafe is Hill the fame ;^ 
for the Rays which flow from it muii continually enter a denfir 
Mtdium whofe Center is below the Eye, and therefore being re- 
fracted towards the Center, that is, downwards as before, thofc 
which enter the Eye muil neceilarily proceed as from fome Point 
above the Objedl, wherefore the Object will appear above its pro- 
per Place* 

From hence it is, that the Son, M^n, and Stars appear ahove 
the Horizon, when they are Juft below it, and higher than they 
ought to do, when they are above it: Likewife diHant Hills,' 
Trees, fcf r. fcem to be higher than they are. 

Farther, the fower thefe Objeds are in the Horiz9n, the greater 
is the Obliquity with which the Rays which flow from them, enter 
the Jtmofpheriy or pafs from the rarer into the denfer Parts of it, 
and therefore they appear to be the more elevated by Refradlion; 
upon which Account the lower Part of them are apparently more 
elevated than the other. This makes them feem(horter than they 
are ; as is evident in the Sun and Moon, which appear of an oval 
Form when they are in the Horiscon, thtir horizental Disaneters ap- 
pearing of the fame Length they would do if the Rays fufFerM no 
Refradioiii ^hilc thcii: vertical on^ are fliortened thereby. •' 

ceed 
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ceed afterwards fuppofc in the Lines K^ L^ ; 
at a and b where they pais out of the denier 
Medium^ they wiU be as much refraded the 
contrary Way, proceeding in the Lines ac^ bdy 
parallel to dieir firfi Diredions (^ice Chapu 
IV.) ; produce tbefe Lines back tiD they 
meet in e^ this will be the apparent Place dl 
the Point R, and 'tis evident from the Figure 
that it muft be nearer the Eye than that Point j 
and becauie the fame is true of all other Pen- 
cils flowing from the Object AB, the Whole 
will be leen in the Situation fg^ nearer to the 
Eye than the Line AB. 2d. K& the Rays RK, 
RL would not have entered the Eye, but have 
pafled by it in the Directions Kr, Lf , had they 
not been refracted in palling through the Me^ 
diumy the Object appears brighter. 3d. The 
Rays A^, B/, will be refracted at h and i in- 
to the lefe converging Lines hk^ ilj and at the 
other Surface into kls/l^ /M parallel to Ab 
and Bj produced (^fee Chap. 4.), io that the 
Extremities of the Object will appear in the 
Lines Js/iky Ml produced, w-s. in/ and gy and 
under as large an Angle/M^, as the Ar^Ie A 
q3 under which an Eye at a would have leen 
It, had there been no Medium interpofed to 
refract the Rays; and therefore it appears larg-^ 
er to the Eye at GH, being leen through the 
interpofed Medmniy than otherwifc it would 
have done. But it is here to be obferved, that 
the nearer the Point e appears to the Eye on 

K 2 Ac- 
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Account of the Refraction of the Rays RK, 
RL, the fliorter is the Image fg^ becaufe it is 
terminated by the Liries M/ and M^, upon 
which Account the Object is made to appear 
lefs ; and therefore the apparent Magnitude of 
an Object is not mucji augmented by being feen 
through a Medium of this Form/ 

Fartheir it is apparent from the Figure, that 
the Effect qf a Medium of this Form depends 
Sy holly upon ifs Thicknefs ; for the Diftartce 
between the Lines Rr and ic, and confequent- 
ly the Diftancc between the Points e and R de- 
pends upon the Length of the Line K^v Again, 
the Diftance .between the Lines AM and TM, 
. depends on the Length of the Line hk ; but both 
K^ and hk depend on the Diftance between the 
Surfaces CE and DF, and therefore the Effect 
of this Medium depends upon its Thicknefs. 
, Prop. m. An Qbjectieen through a convex 
Lens^ appears larger^ brighter^ 3,nd more dif^ 
tant^ than with the naked Eye. 

To illuftrate this, let AB (Fig. 3 p.) be the 
Object, CD the Lens^ and EF the Eye. i. 
From A and B the Extremities of the Object 
, draw the right Lines AYr, BX;r croffing each 
other in the Pupil of the Eye ; the Angle ArB 
comprehended between theje Lines, is the 
Angle under which the Object would be feen 
with the naked Eye. But by the Interpofi- 
tion of a Lens of this Form^ whofe Property it 
is to render converging Rays more lb (fee 
Chap. IV.) the Rays AY and BX will be made 

to 
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to crofs each other before they reach the PupiL 
Therefore the Eye at E, will not perceive the 
Extremities of the Objed by means of thefe. 
Rays (for they will pals it without entring)^ 
but by Ibme others which muft fall without the 
Points Y and X, or between them ; but if they 
fall between them, they will be made to con- 
cur Iboner than they themfelves would have 
done, and therefore if the Extremities of the 
Objed could not be feen by them, it will much 
lefs be fcen by thefe. It remains therefore, 
that the. Rays which will enter the Eye from 
fhe Points A and B after Refraftion, muft fall 
upon the Lens without the Points Y and X ; 
let then the Rays AO and BP be fuch. Thefe 
after Refradion entring the Eye at r, the Ex- 
tremities of the Objed will be feen in the Lines 
rQ, rT produced, and under the optic Angle 
QrT which is larger than ArB, and therefore 
the a^arent Mamitude of the Object will be 
increajed. 2. Let GHI be a Pencil of Rays 
flowing from the Point G ; as it is the Property 
of this Lens to render diverging Rays left di- 
verging, parallel or converging (fee Chap. 
IV.), it is evident, that fome of thofe Rays 
which would proceed on to M and N and mifs 
the Eye, were they to fuffer no Refradion ia 
paffing through the LenSy will now enter it ; 
by which means the Objed will appear bright'^ 
er. 3. As to the apparent Diftance of the Ob- 
jeft, that will vary according to the Situation 

of 
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of it with relpeft to the Focus of ppallel Rays 
(^tbe Zi^^ij. I. Then, let us fuppofe the Ob- 
jed placed io much nearer the Lens than its 
Focus of parallel Rays, that the refrafted Rays 
K£ and LF though rendered lefs diverging 
by pafiing throu^ it, may yet have a confide* 
ra^le Degree of Divergency, fo that we may 
\^ able to ibrm a Judgment of the Diflance of 
the Objeft thereby* In this Cafe, the Object 
ought to appear where EK, FL produced t^ck 
concur, which, becaule they diverge lefe than 
the Rays GH, GI, \vill be beyond G, that is, 
at a greater Diftance from the Lms than the 
Objcd is. But becaufc both the Brightnefs and 
Magnitude of the Objed will at the fame Time 
be augmented, Prejudice will not permit us to 
judgfc it quite lb far off as the Point where thofe 
JLines meet,, but Ipme where between that 
Point and its proper Place, n. Let the Obje^ 
be plaped in the Focus of parallel Rays, then 
will the Rays KE ^and LF become parallel 
{ fee Chap; IV. ) and though in this Cafe 
the Objed would appear at an immenle Dif: 
tanccy if that Diftance >yere to be judged of by 
the Direction of the Rays KE and LF, yet 
upon Account of the Brightn?fs and Magnitude 
of it, we fhall riot think it much farther from 
w, than if it were, leen by the naked Eye. 3. 
If the Objed be fituated beyond the FocUs of 
parallel Rays, as in AB {Fig. 40), the Rays 
Itovving from thence and falling upon the Lens 

CD, 
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CD, will be colkded into their refpcdive F^ei 
at a and b^ and the intermediate Points m^ n^ 
^c. and will there form ah Image of the Ob- 
jeft AB; and after croffing each other in the 
ieveral Points of it, asexpreffed in the Figure^ 
will pafs on diverging as from a real Obje^. 
Now if an Eye be fituatcd at c, where Ac, 
Be, Rays proceeding from the extreme Points 
of the Objed, make not a much larger Angle 
AcB, than they would do if there wereoo Lent 
interpoled; and the Rays belonging to the 
fame Pencil do not converge fo much as thofe 
the Eye would receive, if it were placed nearer 
to a or b^ the Objed upon thefe Accounts 
appearing very little larger or brighter than 
with the naked Eye, is feen nearly in its pro- 
per Place ; but if the Eye recedes a little Way 
towards ab^ the Object then appearing both 
brighter and larger, feems to approach the 
Lens*: which is an evident Proof of what has 


• That the Objeft (hould fcem to approach the Lem in this Cafr» 
was a Difficulty that exceedingly puzzled the learned Barrow, and 
which he pronounces infuperable, and not to be accounted for by 
any Theory we have of Vifion. Molineux alfo leaves it to the So- 
lution df others, <is that which will be inexplicable, till a more in* 
timate Knowledge of the vifive Faculty, as hecxpreffesit, beob* 
tained by Mortah. 

They imagined, that feeing an Objeft 2^i^r% farther sf, the 
'tefs the Rays di'verg€Vfh\z\i fall upon the Eye ; if they ihould pro- 
ceed parallel to each other, it ought to appear exceedingly remote, 
and if they fhould cdnverge^ it mould then appear «wr^ difiant 
fiill\ The Reafon of this was, becaufe they looked upon the appa- 
rent Place of an Objedl, as owing only to the Direftion of the Rays 
whatever it was, and not at all to its apparent Magnitude or 
Splendoar. 
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been fo often allerted, w;c. that we judge of 
the Dillance of an Object in fomc Meafurc by 
its Brightnefs and Magnrtude*; iox the Rays 
converge the more the farther the Eye recedes 
from the Lens\ and therefore if we judged of 
the Diftance of the Object by the Direction of 
the Rays which flow from it, we ought in this 
Cafe to conceive it at a greater Diftance, than 
when the Rays were parallel, or divtrged at 
their Entrance into the Eye. 

Prop* IV. If an Object be placed farther 
from a convex LenSy than its Focus of parallel 
Rays, and the Eye be fituated farther from it 
on the other Side, than the Plate Mrhcre the 
Rays of the fcveral Pencils are collected into 
their refpective Foct^ the Object appears /«^^r/- 
edy and fendulous in the J'tr^ between the 
Eye and the Lens. 

To explain this, let AB (Ftg. 40.) repre- 
fent the Object, CD the Lens^ and let the 
Rays of the Pencil ACD be collected in ^, and 
thofe of BCD in ^, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F: 'Tis apparent from the Figure, 
that Ibme of the refracted Rays which pals 
through each Point of the Image, will entcf 

. • Perliaps it may proceed from our Judging of the Diftance of , 
tn Objed in fome Meafure by its Magnitude, that that Deception 
of Sight commonly obfcrved by Travellers may arife ; «i;/j5. that 
upon the firfl appearing of a Building larger than ufuaU as a C«« 
thedral Churth, or the like, it generally feems nearer to them» 
than they afterwards find it (o be. 

the 
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the Eye as from a real Object in that Place, 
and therefore the O^ect AH will appear there, 
as the Fropofition a^rts.N But we are io little 
accuftomed to fee Objects in this Manner, that 
it is very diflScult to perceive the Image with 
one Eye; but tf both Eyes are fituated in fuch 
a Manner, that Rays flowing from each Point 
of the Image may enter both, as at G and H, 
and we direct our optic Axes to the Image, 'tis 
eafy to be perceived. 

If the Eye be fituated in a or ^, or very near 
them on either Side, the Object appears exceed- 
ingly confiifed, w^. if at ^, the Rays which 
proceed from the feme Point of the Object con- 
verge fo very much, and if at e^ they diverge 
io much, that they cannot be collected together 
upon the Retina ; but fall upon it as if they 
were the Axes of fo many diftinct Pencils ccMn- 
ing through every Point of the Lens^ where- 
fore little more than one fingle Point of the Ob- 
ject is feen at a Time, and that appears all over 
the Lens j from whence nothing but Confufion 
triies. 

If the Lens be fo large that both Eyes may 
te applied to it, as in h and ky the Objed will 
appear double ; for 'tis evident from the Figure j 
that the Rays which enter the Eye at h from 
cither Extremity of the Objed A or B, do not 
proceed as from the fame Point >yith that from 
whence thofe which enter the other at k lecm 
to flow J the Mind therefore is here deceived, 

L and 
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iand looks upon the Oojed as fituated iti two 
different Places, and therefore judges it to be 
double. 

Prop. V. An Object Icen through a concave 
Lens appears nearer^ fmaUer^ and left bright ^ 
than with the naked Eye. 

Thus, let AB {¥ig. 41.) be the Object, CD 
the Pupil of an Eye, and EF the Lens. Now, 
as it is the Property of a Lens of this Forift, 
to render diverging Rays more fb, and Converg- 
ing ones lefs iby the diverging Rays GH, Gl, 
proceeding from the Point G, will be ttiade to 
diverge more, and lb to enter the Eye as from 
Ibme nearer Point ^ ; and the Rays AH, BI^ 
which converge, will be made to converge lefs, 
and to enter the Eye as from the Points a and 
A ; wherefore the Object will appear in the Si- 
tuation ag&y lefs and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, feme of 
them will be made to pafs by the Pupil of the 
Eye which otherwife would have entered it, 
and therefore each Point of the Object will ap- 
pear lefs bright"^. 

Prop. VL 


* From what has been obferved about the Properties of convex 
and concave Lenfisj we may fee the Rcaibn why the iotmtx Son 
are made Ufe-of by old People to help their Sight ; and the latter by 
thofe who are purblind. Old People, as was obferved before, hav- 
ing the Tumda Cornea of their Eyes too flat, require that theOb- 
j«^ be placed ^t a greater Dii|ance from them, than other Peopl^ 
whofe Eyes^are of a juft Form, that th« Rays which enter the Pu- 
pils oT their Eyes from the fame Point T>f the Objedl^ may not di«- 

h z ' . verge 
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Prop. VI. An Object feen through a folygo-^ 
nous Glafs. that is, fuch as is terminated by 
ieveral plain Surfaces, is multiplied thereby. 

For Inftance, let A (Fir^ 42.) be an Ob- 
ject, and Be a polygonous Glafs terminated by 
the plain Surfaces BD, DE, ^c. and let the 
Situation of the Eye F be fuch, that the Rays 
AB being refracted in paffing through the Glafe, 
may enter it in the Direction BF, and the Rays 
AC in the direction CF. Then will the Eye 
by means of the former, lee the Object in Gy 
txA by the latter in H ; and by means of the 
Rays AI, the Object will appear alfo in •its 
proper Situation A. 

Thus nuich for the Principles of Dioptrics ^ 
and the Solution of fome obvious ^h^nomena 
which tend to confirm the fime : Thofe which 
yet remain to be accounted for, fliall, accord- 
ing to the Method v^e have hitherto obfcrved, 
be treated of in the Diflertations of this Part* 

verge tpo much' Now a convex tens makes thofe Rays diverge 
Jefsy as they would naturally do if the Objedt was placed farther 
off. Again, thofe who are purblind^ having the Tunica Cornea 
too protuberant, reqaire fucn a Lens as may render thofe Rays 
more diverging, left they (hould be colledted into their refpedive 
Foci before they fall upon the Retina ; and therefore Z^//r/i?i of the 
concave Sort are of Ufe to them. 
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DISSERTATION L 

Of the Horizontal Mooil. 

TH E Thanomenm of the horizontal 
Moon is this: When the Moon is 
juft above the Surface of the Earth, 
cither immediately after flie is rifen, or juft 
before fee lets, fee appears four or five Times 
greater in Diameter, than when fee is in 
her Meridian Altitude: And yet her appa- 
rent Diameter, if taken by an Inftrument, is 
found to fubtend the fame Angle in either Si- 
tuation *. 

The Moon's apparent Diameter being found 
to Aibtend the fame Angle, whether fee be in 
the Horizon or Meridian, it is evident the 
Image of her projected upon the Retina of an 
Eye, is of the lame Dimenfions in either Cafe ; 
and therefore that fee feould appear of a dif- 
ferent Magnitude in one Situation from what 


• What is faid here of the Moon*s Diameter, as taken by an 
InArument, mud be underflood of her horiviontal Diameter, and 
not of her 'vertical one, for the Length of this is diminifhed by 
Refradlion (as explained Chap. VII. Note thefirfi), and therefore 
if it be taken by an Infbument, it will not be found to fubtend 
th« fame Angle in the Horizon as in the Meridian : But not- 
withftanding this, it appears longer to the naked Eye when in 
'tne former, than in the latter Situation, as well as the horizon- 
tal Diameter. 

file 
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flie does in the other, has always been Matter 
of great Speculation among the Cmnotffeurs 
both in Qptks and Afironomf. Des Cartes 
was of Opinion, that we think the Moon larg* 
cr when flie is in the Horizon, than when fhe 
is in the Meridian, becauie in the former Cafe 
by comparing her Diflanoe with that of intern- 
poled Obje£ks, we imagine it greater than when 
Ihe is elevated : And that as we judge her 
Diftance greater in that Situation, we of 
Courle think her Diameter longer, becaufe it 
£ibtends the lame Angle in either Cale. But 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 
Matter. 

Gajfendus vfds of Opinion, that becaufe the 
Moon appears lefs bright when in the Horizon 
than in the Meridian, we view her in the for* 
mer Situation with a larger Pupil, than we dc 
in the latter ; and from thence he concludes, 
that the Image of her upon the Retina muft be 
larger. But this is contrary to the Laws of 
Optics ; for if the refradivc Power of the Hu- 
mours of the Eye colleds the Rays of the fe- 
veral Pencils into their refpedive Foci upon 
the Retina (and there' is no Reafon to fuppofc 
the contrary in this Cafe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image; becauie the Situation of thofe 
/wi is determined by the Axes of the feveral 
Pencils, which crofling each other in the Cen- 
a ter 
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ter of the Pupil (as wasfiiewn Chap. VL pag. 
6i. in the Note) pais on to the fame Points 
f the Rettnay whether the Pupil be broad or 
narrow. 

Molineux in the Philoibphical TranfaAions 
No. 1 87. tells us of a certain French Abbe^ 
that revived the fbrementioned Suppofition of 
GaffenduSy and adding two others of his own, 
endeavoured to account ibr this Thammenon. 
His Suppofitions were thefc, w«. ^ That this 
^ contrading and enlarging the Pupil ( fup- 
^' pofed by Gaffindus ) cauieth a di&rent 
^' Shape in the Eye ; an <^n Pupil making 
** the Chriftalline flatter, and the Eye longer, 
*' and the narrower Pupil Ihortning the Eye, 
^' and making the Chriftalline Humour more 
*^ convex. The firXl attends our looking at 
*^ Objeds that are remote, or which we think 
^^ io^ the latter accompanies the viewing Ob- 
** yddi% nigh at Hand. Like wife an open Pu- 
*^ pil and flat Chriftalline attends Objedsof 
^' a more fedate light, whilft ObjeAs of more 
** forcible Rays require a greater Convexity, 
*^ and narrower Pupil. From thefc Pofitions, 
^^ continues Molineux^ the ^ift^/ endeavoured 
* * to gi ve^ an Account of our Th^namenan^ as 
'' follows. When the Moon is nigh the Ho- 
*' riton, by Companion with interpofcd Ob- 
** jc^s, we arc apt to imagine her much far* 
•^ ther from us than when more elevated, and 
** thcrefott we order our Eyes as for viewing 
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^^ an Objem farther from us ; that is^ we ibmc- 
** thing enlarge the Pupil, and thereby make 
" the Chriftalline flatter; moreover the DuC- 
'^ kiflmefs of the Moon in that Pofture does not 
•* fo much ftraia the Sight ; and confcquently 
*^ the Pupil will be more large, and the Chrit^ 
^^ talline more flat ; hence a larger Image fhall 
*' be projeded on the Fund of the Eye, and 
^^ therefore the Moon fliall appear larger. 
^ Thefe two ibrementioned Accidents, wjc. 
^* the Moon's imaginary Diftance and Duf» 
*^ kiflinefs gradually vanifliihg as ihe riies, a 
" different Species is hereby introduced in the 
*' Eye, and conlequently fhe fcems gradually 
^' le^ and lefs, till again (he appioaches nigh 
. *f the Horizon. 

As to what is taken for granted in this So* 
lution concerning a Change in the Chriftalline 
Humour and Form of the Eye, upon viewing 
an Objeft in a dusky or faint Light, that feems 
to be very ill grounded. We know of no fiich 
Connexion between the Muicles of the Iris 
and thofe of the Ugamenta Ciiiaria^ as h 
necefTary to produce this Effed. And the 
Coats of the Eye are not io pliable, as ealily 
to admit of an Alteration in their Form *• 
Could the Author have made good his other 
Skippofition, w^. That by dnnparijbn with 

* Sec what has been obferved concerning the Powet we have 
of making an Alteration in the £)re> in order to fee diftin^lj. 
(Chap. VI. pag. 6z) ' • 

in 
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interpofed Oiyeifs we are aft to imagine her 
much farther from usy than when more ek-^ 
mated^ he need not have had Recourle to any 
other; this alone would have been fufficient; 
but hie Labor efi. This alone, I fay, would 
have been fufficient; for if by comparing her* 
Diftance with that of interpofed Objcds, wc 
imagine it greater when flie is in the Horizon, 
than when fhe is in the Meridian ; as Ihe fub-' 
tends an equal Angle in both Caies, . we muft 
in Confequence tiiercof (agreeably to Des 
Cartes's Notion above-mentioned) imagine 
her to be bigger in the former Situation than 
in the latter ; becaufe a diftant Objed pannot 
iiibtend thft &me Angle at the Eye that one 
which is nearer does, unlefi it be proportiona-- 
bly larger *. 

The femous Hobbs endeavoured at a Solu- 
tion of this Thanomenon^ but it is hardly 
worth mentioning ; The Figure he has drawn 
to explain his Solution by, fbems to have 
been the Occafion of his Errour. He draws a 
Circle to reprefent that blue Surfece common- 
ly called the Sky, in which the heavenly Bo- 
dies feem to be fixed, and concentric to this, 
a lefl&r, to reprefent the Surface of the Earth, 
but vaftly too big in Proportion; ib that a 
Spedator upon the Surface of thi? Earth, is 
confiderably nearer to the upper Part of the 


Sec Chap. VI. pag. 71 
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other Circle than to the Sides of it : Where- 
fore an Objcd that fubtends the lame Angle at 
different Heights, muft neceflarily hide a great- 
er Portion of that Ark when it is in the Hori- 
zon, than when it is in the Meridian ; becauie 
that Ark is farther behind the Objed in the. 
former than in the latter Situation; from 
whence he concludes that the Moon muft ap- 
pear bigger in that Situation than in the Me- 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he defigned 
them to reprefent, he would eafily have Icen 
liis Miftake. 

A few Years ago Mr. De Veil publifhcd a 

Treatife upon the Subjeft of the horizontal 

Moon, which he dedicates to the Ladies of 

Northampton. If I remember right, his Solu'- 

tion of it was in the following Manner, i; 

When anObjeft is placed beyond the Focus of 

parallel Rays of a convex LenSy the ferther 

the Eye (fituated on the other Side the Lens) 

recedes from it towards the Focus of the Rays 

which flow from that Objed, the larger thaS 

Objed appears, a. Rays of Light flowing 

from the Moon, and paffing thro' the AtmoJ^ 

fhere of the Earth, afe colleftfed into a Focus 

oh the other Side of it. 3. When the Moon 

is in the Horizon, we are nearer to this Focus 

by almoft a Semidiameter of the Earth, than 

when flje is in the Meridian: And thcfcfbrc 

the Moon ought to appear larger when in the 

former than in the latter Situatioa 

M The 
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The iecond Propolition in this Solutibn is* 
true, but not ap^dicable in the preient Cafe ; 
£>r unlels we confider the Refradion that Rays 
of Light which flow from the Moon^ and pa& 
through the Atmofphere of the Earth, fufier 
in their Emerfion, that is, while they pais thro' 
the latter half of it, as. well as that which they 
fuffer in their Immerfion, or while they pais 
through the fermer hali^ we ihall find that 
they will not be colleded into> their refpedive 
foci on the other Side the Earth, as this Gen-^ 
tleman imagines: Which if it can be fliewn, 
his Solution falls to the Ground of Courfe; 
for the Refradion which the Rays fuflfer in 
their Emerfion is not to be taken into Confide- 
ration, bccaufe they reach the Eye of a Spec* 
tator upon the Earth as ibon as they have pajf» 
led through the firft half of the Atmofphere, 
, when the Moon is in his Horizon ; and befi»re* 
they have pa0ed thiou^ that half, when file 
is< in his Meridian. 

. Let us then imagiile two R^ys flowing fromr 
one and the fame Point of the Surface of the 
Moon, it being neceflary in. order to conftitute * 
z Focus tbab fuch Ray^ fbould after Refra^Sdon . 
meet in a Pointy the meeting of fuch as flow 
£Dm different Points, in the fame Surface is not 
fufficient ; if it werCy we might then have Poci^^ 
vdiere we. pleaied, and that as well withoufi- 
lefrading' or refleding. Surfaces as with them. 
And letthe firft of thoie Rays hVL perpendicu- 
larly upon the Atmofphere of the Earthy and- 

be 
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be foppoled to pafi through the Center of 16 
and let the other after Refiraftion pafs by the 
Surfece of the Earth. Now the Moon's Ta^ 
rallax^ that is^ the Angle under which the Se*« 
mkliameter of the Earth is fcen from the Moon, 
being about one Degree, it is evident that thefe 
Rays mull, before their Incidence upon the 
Earth's Atmofphere, diverge the one from the 
other by fuch an Angle. But it appears from 
Sir Ifaac Ncwt(ni% Table of Refradions pub- 
iiflied by Dr. UaUty in the Philofophical Trant 
anions, No. 368, that when any of the Heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ieen, are refraded but by an Angle 
of thirty three Minutes and forty five Seconds; 
and therefore the Ray which we have fuppofed 
after Refradiotl to pais by the Surface of the 
Earth, will be refraded only by fuch an An* 
gle. Which filing confiderably fliott of one 
Degree, the Angle by which it dive/ged from 
the perpendicular (xne before Refradion ; it will 
be fo far from being made to converge towards 
it thereby, that it will flill be in a State of 
Ditrergency from it. And therefore Rays flow^ 
ing firom the Moon and refraded cmly in their 
Immerfion into the AtmoQ>here of the Eafth, 
will not be coUeded into their refpedive Fo^i 
on the other Side : Which was to be fliewn* 

Dr. Wallis in the Philofophical Tranfadions 
Na 1S7, gives us a Solution of the horizontal 
Moon (or rather an Explication of what Des 
Cartes had giyen before; which 18 as follows. 

Ma Ho 


94 Of the Horizontal Moon. Part III. 

He afcribcs this Th^ntmenon to the Deception 
of the Imagination, and accounts fox that De« 
ception in the following Manner, He obferves 
m^y that the Imagination doth not efiimate 
the Greatncfe of an DbjeA fcen, by the of tic 
jingle only, but by this compared wkh the 
fuppofcd Diftance. So that if two Things are 
ieen under the fame or equal Angles, and if 
upon any Account whatever we apprehend one 
of thcfe to be farther from us than the other, 
that which we apprehend to be farther from 
41S, will to the Imagination appear greater* 
Secondly, That one great Advantage for cfti- 
mating the apparent Diftapce of any Thing, 
is from the Variety of intermediate Objefis be- 
tween the Eye and the Thing fcen •, for then 
the Imagination fnufl al]o\y Room for all thofe 
Things. 

" Now lays he,-^hen the Sun * or Mcion is 
^^ near the Horizon, the Prolpeft we have of 
" Hill? and Vallies, Plains and Woods, SJc 
^' reprefent to our Imagination a great Dit 
f* tance capable of receiving all thefe. Or if 
** it happens that thefe interpoled Objefts arc 
f^ not aaually fcen; yet having been accui« 
" tomed to fee them, the Memory fuggefts to 
f^ us a View as large as is the vifible Horizon. 

^? But v^hen the Sun or Moon is in an high- 
^' er Pofition, we fee Nothing between us and 
f^ them (unlefs perhaps feme Clouds) and 

* For the Sun appears larger in the Horixotn as well as the 
Moon. " ■ ^.■ 

f* there- 
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** therefore Nothing that can prefent to our 
** Imagination io great a Difiance as the other 
" !s. And therefore though both be fcen un- 
" der the fame Angle, they do not appear (to 
<^ the Imagination) of the fame Bigneis, be- 
^^ caufe not £in(ied at the fame Diftance : But 
^' that near the Horizon 13 judged bigger (be- 
^^ caufe fuppofed farther off) than the iam[e, 
" when at a greater Altitude. 

This is the Solution which has hitherto ge- 
nerally been received ; but I am told that a 
more probable one will fliortly be given by 
J)r. Smithy Plumian Profeffor in the Univerfity 
at Cambridge J in a Treatife of Opics he is 
now preparing for the Prefi. 

If I might be aUowed to mention any Thing 
of my own, after th^fe great G^irii;r/s have 
given their Opinions upon this Matter, it ihbuld 
be this, vizp That I have often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears &rther fiom us in the 
Horizon, than in the Meridian (for that is^ all 
that is requifite towards a Soluticm of the Ho- 
rizontal Moon, zsji has been already obierved) 
ihould firft fliow, why that apparent azure 
Sur&ce we caU the Sky, does not feem to be 
an entire concave Hemiffherej but only a Por- 
tion of fuch an one. For our judging the Hea- 
vens to be no more than fuch a Portion, is un- 
doubtedly the Caufe why we judge both the 
Sun, Moon, and Stars to be farther firom us 
lyhen in the Horizon, than in the Meridian; 

becaufb 
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l)ecaufe vit have Nothing die we can refet 
their Pladci to, but that. 

Now poffibly the Ciufc why we think the 
Heavens of that Form, may after all be only 
this, . "uiz. that, as the Rays which come from 
the upper Parts of that imaginary Sur&ce the 
Sky, pafe through a lefs Portion of the Atmof- 
fhere^ than iuch as come from die horizontal 
Parts of it, the Sky aippcars to us more dip^ 
tinBlj and generally more Inright in thofc 
Farts, than in the latter; and therefore, fince 
yft daily obferve that thofe Objeds which ap^ 
pear moft diftinBy tvc^ generally flich as are 
^areft, to us; and alfo as bright Objeds^ 
when we have Nothing but bare Imagination 
fo determiae us in eflimating the Difbnce of 
them, appear nearer to us than the' iame 
Objeds' when Icfs ib^, we think the uppet 
Parts j[>f the )iky^\$earer us than the lo^en 
Wherpfbrc, fincc we refer all the heavenly Bo4 
dies to this Surface, we necefl&rily imagidtf 
them farther from>iis, and confecjiieritly larjger, 
und alfo more diflatilt from each othet f , • WhcH 
pear the Horizon, than wheft they are arrival 
at their meridian Altitude. 

^ 8eci wikat hai been ftid conceming the Brightoefs of an Ob» 
jcft ^eang a Means whereby \^ app^rs nearer us, UDder Prop, }| 
pi the 7th Chapter. 

:\\ The apparent horisiontal Diftance of two Stars Irom one 
an^Uicr, la pbferv^ ^ b^ grnter wlien the/ ate in. the ^Qtxpxt^ 
than in the Meridian, 
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